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ABSTRACT 


A  series  of  wake  survey  experiments  were 
conducted  on  Model  5365  representing  the  R/V 
ATHENA  in  the  DTNSRDC  towing  tank.  Longitudinal, 
tangential, and  radial  velocity  components  for 
experiments  at  model  speeds  of  2,87  knots  (1.48  m/s), 
5.22  knots  (2.68  m/s) ,  6.96  knots  (3.58  m/s),  and 
13.5  knots  (6.94  m/s)  are  presented.  Several  compari¬ 
sons  are  made  between  wake  surveys  with  different 
water  depths,  trims,  and  speeds.  A  comparison  between 
full-scale  and  model-scale  towing  tank  wake  survey 
measurements  is  also  presented.  Harmonic  analyses 
of  the  circumferential  distribution  of  the  velocity 
component  ratios  were  performed  on  the  model  experi¬ 
mental  data  and  the  results  are  reported  herein. 


ADMINISTRATIVE  INFORMATION 

This  work  was  performed  under  the  Controllable  Pitch  Propeller 
Research  Program  sponsored  by  the  Naval  Sea  Systems  Command  (NAVSEA  05R) 
and  administered  by  the  David  W.  Taylor  Naval  Ship  R&D  Center  (DTNSRDC) . 
The  project  was  funded  under  Task  Area  S0379001  and  DTNSRDC  Work  Unit 
Numbers  1524-641  and  1524-684. 


INTRODUCTION 

The  David  W.  Taylor  Naval  Ship  R&D  Center  (DTNSRDC)  conducted  a 
full-scale  wake  survey  aboard  the  R/V  ATHENA  as  part  of  its  overall  pro¬ 
ject  to  adapt  controllable  pitch  propellers  to  high  speed  combatant  ships. 
The  primary  project  goal  was  to  obtain  propeller  disk  velocity  component 
ratios  in  the  wake  of  a  full-scale  ship.  A  description  of  the  R/V  ATHENA 
full-scale  measurements,  instrumentation,  trial  procedures,  and  measured 
data  was  presented  by  Day  et  al.^  The  full-scale  propeller  disk  measure¬ 
ments  were  followed  by  model  wake  survey  experiments  in  a  wind  tunnel  and 

a  towing  tank.  The  wind  tunnel  experiments  and  correlation  with  full-scale 
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measurements  were  presented  by  Hurwitz  and  Jenkins. 

A  series  of  wake  surveys  were  conducted  on  Model  5365  representing 
the  R/V  ATHENA  in  the  towing  tank  at  DTNSRDC.  The  velocity  component 


References  are  listed  on  page  13. 


ratios  were  measured  at  radii  corresponding  exactly  to  the  full-scale  wake 
survey  radii,  allowing  a  direct  one-to-one  comparison  between  model  and 
full-scale  data.  These  experiments  were  designed  to  evaluate  the  differences 
in  the  model  wake  in  the  starboard  propeller  plane  with  and  without  the  port 
propeller  operating.  The  initial  wake  survey  was  conducted  at  a  model  speed 
corresponding  to  the  Froude-scaled  speed  of  the  ship  without  the  operating 
propeller.  The  model  propeller  was  removed  from  the  shafting  and  replaced 
by  a  dummy  hub  during  the  wake  surveys.  The  initial  model  correlation  data 
with  the  R/V  ATHENA  data  were  not  particularly  good.  Additional  wake  surveys 
were  run  to  try  to  improve  the  model  correlation  by  varying  the  SDeed  with 
and  without  the  port  pfopeller  operating. 

The  effects  of  Reynolds  number  were  investigated  on  the  model-scale 
wake  by  running  at  an  increased  speed.  The  speed  chosen  was  the  highest 
speed  for  which  steady  data  could  be  obtained.  These  variations  made  no 
significant  improvement  in  the  correlation  of  the  tangential  velocity 
components. 

In  addition,  wake  surveys  were  conducted  with  and  without  the  Bass 
Dynamometer  Boat,  Model  5271,  mounted  behind  Model  5365.  This  information 
was  needed  for  the  Bass  Dynamometer  Boat  effect  on  the  flow  into  the 
propeller  disk  area.  The  results  of  these  Bass  Dynamometer  Boat  wake 
surveys  will  be  presented  in  a  future  report. 

Finally,  in  an  attempt  to  further  improve  the  correlation  of  model- 
and  full-scale  data,  another  group  of  experiments  was  run  to  investigate 
the  water  depth  and  trim  effects  on  the  R/V  ATHENA.  These  wake  surveys 
were  conducted  in  deep  water,  and  at  a  water  depth  scaled  to  the  full- 
scale  trial  water  depth.  The  term  shallow  water  will  be  used  only  to 
differentiate  between  the  scaled  water  depth  and  the  normal  (deep)  water 
depth  used  experimentally  in  this  report.  Shallow  water  can  change  the 
wave  system  due  to  the  model  and  possibly  affect  the  flow  pattern  around 
the  model  hull. 

The  results  of  the  model  wake  survey  conducted  on  Model  5365 
representing  the  R/V  ATHENA  in  deep  and  shallow  water  are  also  presented 
in  this  report.  Comparisons  are  made  between  the  shallow  and  deep  water 
wake  surveys  with  different  speeds  and  trims.  Full-scale  data  are 
presented  as  a  comparison  with  the  data  obtained  from  the  towing  tank 
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experiments. 


DESCRIPTION  OF  MODEL  AND  INSTRUMENTATION 

Model  5365,  representing  the  R/V  ATHENA,  was  constructed  of  fiber¬ 
glass  having  a  scale  ratio  of  one  to  8.25.  The  model  principal  dimensions 
are  listed  with  the  ship  dimensions  in  Table  1.  During  the  wake  survey 
experiments,  the  model  was  appended  with  shafts,  main  Vee-struts,  roll 
stabilizer  fins,  and  a  centerline  skeg.  Model  rudders  were  not  installed 
during  the  first  group  of  experiments.  Figure  1  shows  the  body  plan  and 
bow  and  stern  profiles  of  the  model. 

The  full-scale  parameters  for  the  model  experiments  were  at  a 
displacement  of  263  tons  (267  metric  ton)  salt  water  and  a  mean  draft  of 
5.63  feet  (1.72  meters).  The  velocity  surveys  were  conducted  in  the 
propeller  plane  located  146.2  feet  (44.56  meters)  aft  of  the  forward 
perpendicular  on  the  starboard  shaft.  Figure  2  shows  a  drawing  of  the 
Controllable  Pitch  Propeller. 

The  full-scale  propeller  disk  was  six  feet  (1.83  meters)  in  diameter. 
The  radii  at  which  the  measurements  were  made  were  expressed  as  ratios  of 
the  propeller  radius  (r/R),  and  were  0.456,  0.633,  0.781,  and  0.963  as 
shown  in  Figure  3.  The  model  details  during  the  deep  water  wake  survey 
experiments  are  shown  in  Figures  4  through  7.  The  photographs  indicate 
the  relationship  of  the  pitot  tube  rake,  in  the  propeller  plane,  to  the 
hull  and  its  appendages  for  these  wake  surveys. 

Figures  8  through  10  present  the  model  details  for  the  shallow  water 
wake  surveys.  During  these  experiments.  Model  5365  was  appended  with  the 
port  rudder  and  starboard  strut  barrel  extension  to  better  represent  the 
R/V  ATHENA  configuration.  Wave  profiles  for  a  ship  speed  corresponding 
to  15  knots  (7.72  m/ s)  full-scale  in  shallow  and  deep  water  from  Experiments 
19  and  21  are  shown  in  Figures  11  through  14. 

The  shape  of  the  pitot  tube  rake  was  such  that  the  rake  could  possibly 
change  the  hull  trim  or  heel  while  the  model  was  towed.  In  order  to  insure 
the  proper  trim  throughout  an  individual  or  group  of  similar  experiments, 
the  model  was  locked  into  either  a  deep  water  trim  as  in  Experiments  1 
through  12,  or  the  shallow  water  trim  for  Experiments  17  through  22. 
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The  model  wake  measurement  system  consisted  of  the  rake,  a  set  of  four 
differential  pressure  gages,  a  stepping  motor,  and  an  angle  indicator. 
Experiments  1  through  16  had  one  set  of  gages  and  Experiments  17  through 
22  had  two  sets.  The  base  pressure  for  each  tube  was  the  center  hole.  A 
description  of  the  use  and  calibration  of  five-hole  pitot  tubes  is  given 
by  Hadler  and  Cheng"^  ,  Hale  and  Norris^ ,  and  Pien^.  The  carriage  computer 
integrated,  over  a  5-second  period,  the  four  pressure  signals  from  each 
pitot  tube,  the  model  speed,  and  the  angular  rake  position.  Digital 
voltmeters  and  frequency  counters  were  used  to  monitor  the  values  obtained 
by  the  computer.  The  pressure  data  were  collected  and  processed  according 
to  established  procedures. 

The  first  phase  of  the  data  analysis  consists  of  changing  the  pressure 
data  into  velocity  component  ratios.  The  velocity  component  ratios  are 
double  interpolated  in  both  the  radial  and  circumferential  directions. 

This  process  yields  interpolated  data  at  every  2.5  degrees  (0.044  radian) 
for  the  experimental  radii  and  any  additional  selected  radii.  The  second 
phase  consists  of  a  harmonic  analysis  of  these  interpolated  data  which 
determines  a  Fourier  Series,  with  the  results  presented  as  amplitudes 
and  phase  angles  of  a  sine  series. 

EXPERIMENTS 

The  experimental  program  consisted  of  a  series  of  twenty-two 
experiments  in  deep  and  shallow  water  performed  in  two  phases.  Phase 
one  wake  measurements  were  made  on  the  starboard  shaft  with  and  without 
the  port  propeller  operating.  These  included  Experiments  1  through  16 
which  were  conducted  in  deep  water  at  the  static  initial  trim  of  0.58  feet 
(0.18  meters)  full-scale  by  the  stern  without  rudders  fitted  to  the  model. 
The  calibration  of  the  pressure  gages  and  a  check-out  of  the  entire 
measurement  system  was  Experiment  1.  Experiments  2,  3,  4,  5,  6,  8,  9,  and 
10  were  deep  water  wake  survey  experiments  for  model  speeds  of  2.87  knots 
(1.48  m/s),  5.22  knots  (2.68  m/s),  6.96  knots  (3.58  m/s),  and  13.5  knots 
(6.94  m/ s) .  Experiment  7  was  a  short  check  of  values  obtained  in  Experiment 
2.  Wake  survey  experiments  conducted  with  the  bass  dynamometer  boat  and 
Model  5365  with  a  wake  screen  at  various  inclined  angles  were  designated 
Experiments  11  through  16.  The  results  from  Experiments  10  through  16 
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will  be  presented  in  a  separate  report. 

In  phase  two,  Experiments  17  through  22  were  performed  with  the  model 
ballasted  to  a  static  initial  trim  of  0.58  feet  (0.18  meters)  full-scale 
by  the  stern.  The  model  was  then  run  in  shallow  water  at  the  desired 
speed,  allowed  to  assume  a  shallow  water  running  trim,  and  locked  in  place 
at  this  shallow  water  trim.  Experiment  17  consisted  of  the  calibration 
of  the  pressure  gages  and  Experiment  18  was  a  shallow  and  deep  water  wake 
survey  for  four  radii  at  twenty  degree  (0.349  radian)  increments  around 
the  propeller  disk.  Experiments  20  and  22  were  run  in  deep  water  only 
for  two  radii  for  a  full  disk  and  twenty  degree  (0.349  radian)  increments, 
respectively.  Experiment  19  was  a  wake  survey  in  deep  water  at  the 
shallow  water  trim  setting  and  Experiment  21  was  a  wake  survey  in  shallow 
water  at  the  shallow  water  trim  setting.  Table  2  presents  the  experimental 
program  with  notes  identifying  each  specific  wake  survey  experiment. 
Variations  in  model  speed,  trim  setting,  with  or  without  port  propeller, 
and  water  depth  for  each  experiment  are  included  in  this  table. 

PRESENTATION  OF  RESULTS  OF  VELOCITY  SURVEYS 
PHASE  ONE  -  EXPERIMENTS  2,  3,  4,  5,  6,  7,  8,  AND  9 

The  velocity  component  ratios  were  measured  at  radii  corresponding 
exactly  to  the  full-scale  wake  survey  on  the  R/V  ATHENA.  This  allowed  a 
direct  one-to-one  comparison  of  the  data  as  presented  in  Reed  and  Day^. 
Experiments  2,  7,  and  8  were  performed  at  a  5.22  knot  (2.68  m/s)  speed, 
corresponding  to  a  Froude-scaled  speed  of  15  knots  (7.72  m/s)  full-scale. 
Experiments  2  and  7  were  performed  without  the  port  propeller.  Experiment 
7  was  an  abbreviated  repeat  of  Experiment  2.  Experiment  3  was  performed 
without  the  operating  port  propeller. 

Appendices  A  and  F  present  the  velocity  component  ratios  from 
Experiments  2,  7,  and  8.  Composite  plots  have  been  produced  which  show 
Experiments  2  and  8,  along  with  the  full-scale  data  on  one  grid.  These 
composite  plots  presented  in  Figures  15  through  18  show  the  effect  of  the 
operating  propeller  on  the  velocity  components  for  the  four  experimental 
radii. 

Experiment  3  was  conducted  at  a  model  speed  of  6.96  knots  (3.58  m/s) 
without  the  port  propeller.  Experiment  9  was  a  check  of  Experiment  3  with 
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data  obtained  at  least  every  45  degrees  (0.785  radians).  The  results  of 
Experiments  3  and  9  are  shown  in  Appendix  B. 

Experiment  4  investigated  the  effect  of  Reynolds  number  on  the  model 
wake.  This  wake  survey  was  run  at  a  speed  of  13.5  knots  (6.94  m/s)  without 
the  port  propeller.  This  was  the  highest  speed  for  which  steady  state 
data  could  be  obtained.  The  trim  was  locked  at  the  running  trim  assumed 
at  the  5.22  knot  (2.68  m/s)  speed.  This  experiment  also  investigated  the 
scaling  laws  of  wake  as  close  to  full-scale  conditions  as  possible.  The 
data  from  this  wake  survey.  Experiment  4,  are  presented  in  Appendix  C. 

The  velocity  component  ratios  from  Experiment  2  at  5.22  knots  (2.68  m/s) 
and  Experiment  4  at  13.5  knots  (6.94  m/s)  have  been  plotted  together  and 
are  presented  in  Figures  21  through  24. 

Wake  survey  Experiments  5  and  6  were  run  at  a  model  speed  of  2.87  knots 
(1.48  m/s)  with  and  without  the  port  propeller  operating.  Appendices  D 
and  E  present  the  data  for  Experiments  5  and  6,  respectively. 

Harmonic  analyses  have  been  performed  on  the  longitudinal  and 
tangential  velocity  component  ratios  for  the  experiments  of  phase  one. 
Figures  19,  20,  25,  and  26  have  been  prepared  as  composites  which  show  the 
results  of  Experiments  2  and  8,  and  2  and  4.  Tables  of  the  individual 
harmonic  amplitudes  and  phase  angles  are  presented  in  Appendices  A,  B,  C, 

D,  E,  and  F  for  Experiments  2  and  7,  3  and  9,  4,  5,  6,  and  8,  respectively. 
In  each  of  these  appendices,  the  complete  set  of  sixteen  harmonics 
calculated  for  each  experiment  are  presented  for  the  four  experimental 
radii  and  eight  interpolated  radii. 

The  mean  longitudinal  (VXBAR) ,  tangential  (VTBAR) ,  radial  (VRBAR) 
component  ratios  of  the  velocity  vectors,  and  the  volumetric  mean  wake 
velocity  ratio  (1-WX)  are  presented  in  each  Appendix.  These  quantities 
except  the  radial  component  (VRBAR)  are  also  shown  graphically  in  each 
Appendix. 

The  calculated  mean  values  of  the  advance  angle  (BBAR),  and  the 
maximum  variations  thereof  (BPOS)  and  (BNEG)  are  shown  in  tables  and 
figures  plotted  as  a  function  of  radius  in  the  Appendices.  The  advance 
angles  were  calculated  using  an  advance  coefficient,  Jy,  of  0.739.  A 
diagram  showing  the  relationship  between  the  longitudinal  and  tangential 
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velocity  vectors,  the  advance  coefficient,  and  the  advance  angles  is 
presented  on  page  xx. 

PHASE  TWO  -  EXPERIMENTS  19  AND  21 

Wake  survey  experiments  were  conducted  in  shallow  and  deep  water  at 
the  shallow  water  trim  setting-  Experiments  19  and  21  were  run  from  west 
to  east  on  Carriage  One  at  a  model  speed  of  5.22  knots  (2.68  m/s)  with  the 
propeller  operating.  The  R/V  ATHENA  trial  depth  of  55.7  feet  (17.0  meters) 
was  determined  from  a  Coast  and  Geodetic  Survey  Chart  and  could  be 
considered  less  than  "deep  water."  The  corresponding  model-scale  water 
depth  was  6.75  feet  (2.06  meters).  The  data  from  Experiments  19  in  deep 
water  and  21  in  shallow  water  are  presented  in  Appendices  G  and  H, 
respectively.  Experiment  21  data  have  an  integration  time  of  one  second 
at  three  locations  in  the  shallow  water  basin.  These  points  were  at 
90  feet  (27.4  meters),  60  feet  (18.3  meters),  and  30  feet  (9.14  meters) 
from  the  end  of  the  shallow  water  basin.  The  data  from  Experiments  8,  19, 
and  21  have  been  plotted  together  in  Figures  27  through  30  to  show  the 
effects  of  shallow  water  and  shallow  water  trim. 

Harmonic  analyses  of  the  circumferential  distribution  of  the 
longitudinal  and  tangential  velocities  have  been  performed.  The  amplitudes 
and  phase  angles  for  the  experimental  and  interpolated  radii  are  shown  in 
tabular  form  in  Appendices  G  and  H.  Circumferential  mean  velocity  component 
ratios,  volumetric  mean  velocities  and  the  advance  angles  for  each  survey 
are  presented  in  both  tabular  and  graphical  form  in  these  Appendices. 

Figures  31  and  32  present  the  composite  results  of  the  harmonic  analyses 
of  Experiments  8,  19,  and  21.  The  advance  angles  were  calculated  using  an 
advance  coefficient,  Jy,  of  0.739. 

DISCUSSION  OF  RESULTS 
ACCURACY  OF  INSTRUMENTATION 

The  measurement  system  used  in  these  velocity  surveys  has  been 
described  by  Grant  and  Lin^ .  The  accuracy  of  the  pressure  transducer 
system  is  approximately  plus  or  minus  three  hundredths  of  an  inch  of  water 
pressure  (7.5  pascal).  The  accuracy  of  the  entire  velocity  survey 
apparatus  is  estimated  to  be  +  1  percentage  point  on  the  longitudinal 
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velocity  component  ratio  (VX/V) ,  except  in  areas  where  steep  velocity 
gradients  occur.  In  these  areas,  such  as  behind  a  shaft  strut,  the  accuracy 
is  significantly  less. 

EFFECT  OF  HIGHER  MODEL  SPEED  -  EXPERIMENTS  2  AND  4 

The  data  from  the  wake  surveys  at  5.22  knots  (2.68  m/s).  Experiment  2, 
and  13.5  knots  (6.94  m/s).  Experiment  4,  are  presented  in  Figures  21  through 
26.  The  longitudinal  and  radial  velocity  component  ratios  at  these  two 
speeds  show  no  significant  difference  except  at  the  0.781  radius.  This 
may  be  due  to  the  roll  stabilizer  fins  not  being  properly  aligned  at 
the  higher  speed.  The  tangential  velocity  component  ratios  obtained  from 
Experiment  4  have  peaks  which  are  4  to  6  percent  lower  than  those  obtained 
from  Experiment  2.  The  VXBAR  shows  the  same  trend,  but  with  a  higher 
value  at  the  0.781  radius  for  Experiment  4  than  for  Experiment  2.  The 
VTBAR,  1-WX,  and  1-WVX  values  are  all  the  same. 

EFFECT  OF  OPERATING  PORT  PROPELLER  -  EXPERIMENTS  2  AND  8 

No  significant  differences  were  observed  with  the  longitudinal  and 
radial  velocity  component  ratios  of  both  these  experiments.  Generally, 
however,  the  longitudinal  velocity  component  ratios  are  higher  for 
Experiment  8  than  Experiment  2  especially  for  the  outer  two  radii  -  which 
would  be  affected  more  by  the  propeller  operating  on  the  port  side.  The 
tangential  velocity  component  ratios  for  all  four  radii  of  Experiment  8  are 
lower  than  those  from  Experiment  2  from  80  to  240  degrees.  Except  at  the 
extrapolated  values  for  VXBAR,  VTBAR,  1-WX,  and  1-WVX  near  the  hub,  the 
two  experiments  show  no  significant  differences. 

EFFECT  OF  SHALLOW  WATER  AND  STRUT  BARREL  -  EXPERIMENTS  8,  19,  AND  21 

As  previously  stated,  the  experimental  set-up  of  Experiments  19  and 
21  differed  from  that  of  Experiment  8  by  the  extension  of  the  starboard 
strut  barrel  and  the  addition  of  the  port  rudder.  The  results  from 
Experiments  19  and  21  indicate  that  there  are  no  appreciable  differences 
in  the  wake  due  to  the  water  depth  of  the  towing  tank  at  the  same  trim 
setting.  However,  the  setting  of  the  shallow  water  trim  does  affect  the 
results  of  the  wake  survey  conducted  in  deep  water.  The  three  velocity 


components  from  Experiments  19  and  21  show  differences  when  compared  to 
those  of  Experiment  8.  The  longitudinal  velocity  component  ratios  are 
lower  for  Experiments  19  and  21  than  those  for  Experiment  8,  except  for  the 
0.781  radius  ratio.  The  tangential  velocity  component  ratios  are  generally 
lower  for  Experiments  19  and  21  than  those  of  Experiment  8,  except  for  the 
outermost  radius  ratio  of  0.963.  These  differences  in  the  data  are  just 
beyond  experimental  accuracy.  Mixed  conclusions  are  drawn  from  results 
with  the  radial  velocity  component  ratios.  For  radius  ratios  of  0.456  and 
0.781,  the  values  are  marginally  lower;  while  for  radius  ratios  of  0.633 
and  0.963,  the  ratios  are  significantly  higher  for  the  shallow  water  trim 
experiments.  The  VTBAR  shows  no  marked  difference  due  to  trim.  However, 
the  VXBAR,  1-WX,  and  1-WVX  show  trends  of  lower  values  for  shallow  water 
trim  with  the  shallow  water  results  being  the  lowest. 

DIFFERENCES  IN  VELOCITY  COMPONENT  RATIOS  BETWEEN  EXPERIMENTS 

Table  3  presents  some  of  the  results  from  harmonic  analysis  of  the 
data  from  Experiments  2,  7,  3,  9,  4,  8,  19,  and  21  for  the  0.781  radius. 
The  analysis  of  experimental  data  for  these  wake  surveys  shows  a  trend 
toward  a  higher  circumferential  mean  longitudinal  velocity  component  ratio 
for  the  model  trimmed  in  shallow  water  with  the  port  propeller  turning. 

The  repeatability  of  this  quantity  is  good  between  the  R/V  ATHENA  model 
experiments.  There  is  little  difference  in  mean  longitudinal  velocity 
due  to  the  port  propeller  turning  for  Experiments  2  and  8.  There  are  no 
differences  in  this  quantity  for  Experiments  19  and  21  due  to  water  depth 
at  the  same  trim  setting.  For  Experiments  2  and  4,  the  difference  in 
mean  longitudinal  velocity  is  about  2%.  This  difference  is  explained  by 
the  increased  Froude  number  and  change  in  wave  pattern  while  restraining 
the  trim  to  a  set  value. 

The  trend  in  the  mean  longitudinal  data  is  clearly  an  increase  with 
increasing  speed-length  ratio.  Table  4  presents  the  data  for  mean 
velocity  components  and  advance  angles  for  four  speeds  at  a  radius  ratio 
of  0.781.  The  trend  of  increasing  mean  longitudinal  velocity  with  ship 
speed  is  clearly  shown  in  Table  4. 

The  data  from  Experiment  2  without  the  port  propeller  operating  were 
compared  to  that  of  Experiment  8  with  the  propeller  operating.  No 


significant  differences  were  observed  in  the  longitudinal  and  radial 
velocity  component  ratios.  However,  the  tangential  velocity  component 
ratio  shows  about  a  2%  change  due  to  the  propeller  operating.  The 
agreement  is  considered  to  be  within  experimental  accuracy  with  the 
present  instrumentation. 

COMPARISON  OF  MODEL-  AND  FULL-SCALE  DATA 

Experiments  2  and  8  were  performed  to  provide  model-scale  data  for 
correlation  with  full-scale  wake  survey  data.  The  velocity  component 
ratios  computed  from  ship  and  model  data  are  presented  in  Figures  15 
through  18.  Table  1-1  presents  the  velocity  component  ratios  for  the 
full-scale  wake  survey  experiment. 

The  data  from  model  experiments  agree  with  the  full-scale  measurements 
reasonably  well  for  the  outer  radii.  The  large  differences  in  the 
longitudinal  velocity  component  in  the  innermost  radius  are  most  probably 
due  to  difficulties  measuring  model  velocities  in  the  vicinity  of  the 
large  propeller  hub,  which  is  at  a  significant  angle  to  the  flow  due  to 
the  shaft  angle.  The  differences  between  full-scale  and  model-scale 
measurements  of  the  tangential  velocity  components  are  also  larger  for 
the  innermost  radius  measured. 

The  results  of  the  model  experiments  in  deep  water  at  the  deep 
water  trim  setting.  Experiment  8,  and  in  shallow  water  at  the  shallow 
water  trim  setting.  Experiment  21,  are  presented  in  Figures  1-1  through 
1-4  along  with  the  full-scale  data.  A  study  of  the  velocity  component 
ratios  presented  in  these  figures  shows  that  the  degree  of  scatter  of  the 
full-scale  data  is  higher  than  that  of  the  model  data  in  deep  and  shallow 
water.  In  particular,  the  full-scale  data  for  the  longitudinal  velocity 
component  ratios  at  the  innermost  radius  of  0.456  show  the  largest 
scatter,  and  the  greatest  deviation  from  the  model-scale  wake.  In  part, 
this  scatter  is  also  due  to  the  fact  that  the  longitudinal  velocity 
component  ratios  presented  are  an  average  of  the  longitudinal  component 
calculated  from  the  radial  and  tangential  velocity  component  ratios. 

This  tends  to  magnify  any  scatter  in  the  radial  and  tangential  velocity 
component  ratios.  Another  possible  contributing  factor  to  the  scatter 


of  the  innermost  radius  is  the  close  proximity  of  the  pitot  tube  to  the 
strut  bossings. 

The  longitudinal  velocity  component  ratios  at  the  innermost  radius 
are  about  10%  lower  for  the  ship  than  for  the  model,  while  the  peaks  of 
the  tangential  velocity  component  ratios  are  about  10%  higher  for  the 
ship  than  for  the  model.  At  the  two  outer  radii  of  0.781  and  0.963,  the 
longitudinal  velocity  component  ratios  for  the  ship  are  2  to  4  percent 
lower  than  those  for  the  model.  The  peaks  of  the  tangential  velocity 
component  ratios  at  the  outer  radii  are  8  to  10  percent  higher  for  the 
ship  than  for  the  model.  The  radial  velocity  component  ratios  at  the 
two  outermost  radii  are  about  8  to  10  percent  lower  for  the  ship  than  for 
the  model. 

The  periodic  propeller  blade  loads  on  high  speed  transom  stern  vessels 
such  as  the  R/V  ATHENA  arise  primarily  from  the  first  harmonic  of  the 
tangential  velocity  component  ratio.  Calculations  of  periodic  blade 
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loads  by  the  method  of  Kerwin  and  Lee  indicate  that  the  periodic  blade 
loads  in  the  wake  as  measured  full-scale  would  be  approximately  27 
percent  higher  than  in  the  wake  as  measured  model-scale. 

CONCLUSIONS 

1.  No  significant  effect  on  the  mean  wake  distribution  due  to  the 
operating  port  propeller  was  observed. 

2.  The  longitudinal  and  radial  velocity  component  ratios  between 
wake  surveys  at  5.22  knots  (2.68  m/s)  and  13.5  knots  (6.94  m/s)  show  no 
difference  except  at  the  0.781  radius  due  to  the  change  in  model  speed 
above  5.22  knots  (2.68  m/s)  when  the  trim  was  held  the  same.  The 
tangential  velocity  component  ratios  obtained  at  13.5  knots  (6,94  m/s) 
have  peaks  which  are  4  to  6  percent  lower  than  those  obtained  at  5.22  knots 
(2.68  m/s) . 

3.  The  mean  longitudinal  velocity  component  increases  with  increasing 
speed  when  the  trim  is  fixed.  The  velocity  defect  from  the  shafts  is  less 
with  increasing  speed.  Only  slight  increases  occur  in  the  radial  velocity 
components  with  a  change  in  speed. 
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4.  No  appreciable  difference  in  the  wake  is  shown  due  to  the  water 
depth  of  the  towing  tank  when  the  model  is  fixed  at  the  same  trim  setting. 

5.  The  setting  of  the  shallow  water  trim  does  seem  to  affect  the 
results  of  the  wake  survey  conducted  in  deep  water.  However,  this 
difference  is  not  significant  enough  to  explain  the  differences  between 
the  previous  model  and  full-scale  experiments. 
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Profile  Lines  and  Body  Plan  for  the  R/V  ATHENA  Represented  by  Model  5365 


Controllable  Pitch  Propeller  Geometry 
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Fitting  Room  Photographs  of  DTNSRDC  Model  5365  Representing  the  R/V  ATHENA 


Pitot  Tubes  on  the  Starboard  Shaft 
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Afterbody  Quarter  View  of  DTNSRDC  Model  5365  Fitted  with  a  Rake  of 
Five-Hole  Pitot  Tubes  on  the  Starboard  Shaft 
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Figure  8  -  Starboard  Afterbody  Profile  View 
Strut  Barrel  Extension 


Figure  9  -  Starboard  Quarter  View  of  BTNSRDC  Model  5365  Showing  Strut  Barrel  Extension 


Figure  10  -  Port  Afterbody  Profile  View  of  DTNSRDC  Model  5365  Showing  Propeller  and  Rudder 


igure  11  -  Bow  Wave  Profile  of  DTNSRDC  Model  5365  in  Shallow  Water  at  the  Shallow 
Water  Trim  Setting  at  a  Speed  Corresponding  to  15  Knots,  Full-Scale 
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How  A.ivt'  Proiile  * >  1  DTWSKDC  Model  3363  in  Deep  Water  at  the  Shallow 
Water  Trim  Set  tin/  it  a  Speed  Corresponding,  to  13  Knots,  Full-Scale 
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Figure  15  -  Composite  Plot  of  Velocity  Component  Ratios  from  R/V  ATHENA 
and  Model  Experiments  2  and  8  for  the  0.456  Radius 
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Figure  16  -  Composite  Plot  of  Velocity  Component  Ratios  from  R/V  ATHENA 
and  Model  Experiments  2  and  8  for  the  0.633  Radius 


a  MODEL  5365,  EXPERIMENT  2  WITHOUT  PROPELLER 
-  MODEL  5365,  EXPERIMENT  8  WITH  PROPELLER 
®  FULL-SCALE  R/V  ATHENA 
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Figure  17  -  Composite  Plot  cf  Velocity  Component  Ratios  from  R/V  ATHENA 
and  Model  Experiments  2  and  8  for  the  0.781  Radius 
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Figure  18  -  Composite  Plot  of  Velocity  Component  Ratios  from  R/V  ATHENA 
and  Model  Experiments  2  and  8  for  the  0.963  Radius 


Figure  19  -  Composite  Plot  of  Mean  Longitudinal,  Tangential,  and 

Volumetric  Mean  Wake  from  R/V  ATHENA  and  Experiments  2  and  8 
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Figure  20  -  Composite  Plot  of  Mean  Advance  Angle  (Beta)  and  Maximum 

Variations  of  Advance  Angle  from  R/V  ATHENA  and  Experiments  2  and  8 
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Figure  22  -  Velocity  Component  Ratios  of  Experiments  2  and  b 
for  Two  Model  Speeds  for  the  0.633  Radius 
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Figure  2b  -  Velocity  Component  Ratios  of  Experiments  2  and  L 
for  Two  Model  Speeds  for  the  0.963  Radius 
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a  Experiment  2 
o  Experiment  h 

Figure  26  -  Composite  Plot  of  Mean  Advance  Angle  (Beta)  and  Maximum 
Variations  of  Advance  Angle  of  Experiments  2  and  U 
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Figure  27  -  Composite  Plot  of  Velocity  Component  Ratios  for 
Experiments  8,  19 »  and  21  for  the  O.U56  Radius 
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Figure  28  -  Composite  Plot  of  Velocity  Component  Ratios  for 
Experiments  8,  19»  and  21  for  the  0.633  Radius 
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Figure  29  -  Composite  Plot  of  Velocity  Component  Ratios  for 
Experiments  8,  19*  and  21  for  the  0.781  Radius 
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Figure  30  -  Composite  Plot  of  Velocity  Component  Ratios  for 
Experiments  8,  19>  and  21  for  the  0.963  Radius 
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A  Experiment  19 


O  Experiment  21 

Figure  31  -  Composite  Plot  of  Mean  Longitudinal,  Tangential,  and 
Volumetric  Mean  Wake  of  Experiments  8,  19,  and  21 


SHIP  AND  MODEL  DATA  FOR  R/V  ATHENA  REPRESENT  t)  :;Y  DTNSRDC  MODEL  5365 
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All  data  for  r/R  =  0.781  Radius 
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TABLE  4 

EFFECT  OF  SPEED  ON  THE  CIRCUMFERENTIAL  MEAN  VELOCITIES,  MEAN  ADVANCE 
ANGLE  AND  ITS  VARIATIONS,  AND  THE  FIRST  FOUR  HARMONICS 


EXPERIMENT  NUMBER 

5 

2 

— 

3 

SPEED  CONDITIONS 

CIRCUMFERENTIAL  MEAN 
LONGITUDINAL  VELOCITY,  V  /V 

A 

2.87  knots 
(1.48  m/s) 

1.030 

5.22  knots 
(2.68  m/s) 

1.059 

6.96  knots 
(3.58  m/s) 

1.080 

13.5  knots 
(6.94  m/s) 

1.079 

CIRCUMFERENTIAL  MEAN 

TANGENTIAL  VELOCITY,  V^V 

-0.002 

-0.009 

-0.008 

-0.001 

MEAN  ADVANCE  ANGLE,  0 

17.24 

17.73 

18.05 

20.84 

MAXIMUM  POSITIVE 

ADVANCE  ANGLE,  +A0 

1.10 

1.48 

1.42 

1.56 

MAXIMUM  NEGATIVE 

ADVANCE  ANGLE,  -A0 

-1.85 

-1.87 

-2.31 

-1.95 

!  FIRST  LONGITUDINAL  HARMONIC 

0.0248 

0.0182 

0.0103 

0.0279 

!  SECOND  LONGITUDINAL  HARMONIC 

0.0185 

0.0143 

0.0147 

0.0122 

;  THIRD  LONGITUDINAL  HARMONIC 

0.0079 

0.0093 

0.0093 

0.0099 

'  FOURTH  LONGITUDINAL  HARMONIC 

0.0047 

0.0017 

0.0025 

0.0043 

FIRST  TANGENTIAL  HARMONIC 

0.1966 

0.1950 

0.1932 

0.1404 

■  SECOND  TANGENTIAL  HARMONIC 

0.0054 

0.0016 

0.0037 

0.0094 

THIRD  TANGENTIAL  HARMONIC 

0.0021 

0.0022 

0.0042 

0.0049 

FOURTH  TANGENTIAL  HARMONIC 

0.0022 

0.0019 

0.0027 

0.0010 

All  data  for  r/R  =  0.781  Radius 
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Figure  A-l  -  Circumferential  Distribution  of  the  Longitudinal,  Tangential, 
and  Radial  Velocity  Component  Ratios  -  Radius  Ratio  =  0.456 
for  Experiment  2 
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Figure  A-2  -  Circumferential  Distribution  of  the  Longitudinal,  Tangential 
and  Radial  Velocity  Component  Ratios  -  Radius  Ratio  *  0.633 
for  Experiment  2 
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Figure  A- 3  -  Circumferential  Distribution  of  the  Longitudinal,  Tangential, 
and  Radial  Velocity  Component  Ratios  -  Radius  Ratio  =  0.781 
for  Experiment  2 
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Figure  A-4  -  Circumferential  Distribution  of  the  Longitudinal,  Tangential, 
and  Radial  Velocity  Component  Ratios  -  Radius  Ratio  =  0.963 
for  Experiment  2 
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Figure  A-5  -  Radial  Distribution  of  the  Mean  Velocity  Component  Ratios 
for  Experiment  2 
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Figure  A-7  -  Circumferential  Distribution  of  the  Longitudinal,  Tangential, 
and  Radial  Velocity  Component  Ratios  -  Radius  Ratio  -  0.456 
for  Experiment  7 
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Figure  A-8  -  Circumferential  Distribution  of  the  Longitudinal,  Tangential, 
and  Radial  Velocity  Component  Ratios  -  Radius  Ratio  =  0.633 
for  Experiment  7 
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Figure  A- 10  -  Circumferential  Distribution  of  the  Longitudinal,  Tangential, 
and  Radial  Velocity  Component  Ratios  -  Radius  Ratio  =  0.963 
for  Experiment  7 


> 


61 


VTBfiR  □  VXBflR 


O 


x 

1.2 

1  .1 

1.0 

0.3 

0.9 

0.7 

0.5 

0-5 

0.4 

0.3 

0.2 


0 .0 

-0.1 

-0  2 

0.2  0.3  0.4  0  5  0-5  0.7  0.9  C-3  1.0  !.l  1 

RADIUS 


■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

m 

■ 

■ 

■ 

■ 

i 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

m 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

:  c 

— cn 

‘  * 

$  i 

;_c. 

u 

•N 

_ 

L 

Figure  A-ll  -  Radial  Distribution  of  the  Mean  Velocity  Component  Ratios  for 
Experiment  7 
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TABLE  A-l 


INPUT  DATA  FOR  HARMONIC  ANALYSIS  FOR  R/V  ATHENA, 
MODEL  5365,  EXPERIMENT  2 


•0(1(119  a  .1,96 

•  ngle  »«/x  <n/i 

•  1.6  .9*1  .072 

M  .1»  .tl3 

M  .«!  ••M2 

It.  fl  .454  -.07* 

14.4  .969  -.06* 

16.1  .in  •.)« 

14.4  .46  >  -.139 

16.9  .996  -.199 

70.0  1.B29  -.162 

27.*  1.179  -.196 

76. 4  1.121  -.126 

26.9  1.129  -.276 

9.9  1.119  -.127 

17.6  1.117  .,1)1 

16.7  1.116  -.116 

16. 0  1.111  -.169 

9.7  1.116  -.191 

*.*  1.119  -.193 

69.7  l.ltl  -.169 

62.7  1.199  -.169 

66.1  1.119  -.171 

66.7  1.176  -.177 

99.«  1.119  -.199 

99.6  1.119  -.211 

66.9  1.179  -.216 

Tk.r  1.171  -.2*9 

79.9  1.172  -.266 

97.6  1.123  -.292 

99.6  1.179  -.291 

99.6  1.129  -.769 

99.9  1.129  -.29? 

196.6  l.t-ll  -.269 

116.9  1.112  -.233 

119.9  1.116  -.726 

177.9  1.17.9  -.716 

119.6  1.126  -.199 

119.9  1.121  -.171 

119.6  1.129  -.169 

166.9  1.127  -.119 

196.9  1.179  -.199 

199.6  1.121  -.199 

167.6  1.177  -.976 

179.6  1.1?  J  -.162 

176.9  1.127  -.027 

179.9  1.111  -.916 

179.9  1.129  -.919 

179.9  1.127  -.|7| 

179.3  1.126  -.912 

199. 7  1.129  -.999 

191.9  1.121  -.999 

191.1  1.177  .992 

191.1  1.111  .916 

199.9  1.129  .967 

199.2  1. II 7  .969 

297.3  1.121  .997 

219.2  1.1*9  .129 

719.2  1.117  .169 

221.2  1.119  .197 

273.2  1.129  .192 

231.3  1.179  .173 
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Bf'OS  IS  VARIATION  BETalEN  the  VAX  I  MUM  AND  MEAN  ADVANCE  ANGLE".  IDELTA  BETA  PLUS). 

BN EG  IS  VARIATION  BETWEEN  THE  MINIMUM  AND  MEAN  ADVANCE  ANGLES  iDLlTA  BETA  MINUS). 

THETA  IS  ANGLE  IN  DEGREES  AT  WHICH  CORRESPONDING  BPGS  OR  BNEl.  OCCJRS. 


PA DIMS  =  1 . 000 

AVPLITLOE  =  .0195  .C'92  .0120  .0061  .0085  .0069  .0070  .0051 

PHASE  ANGLE  =  260.8  248.9  219.3  202.4  204.3  168.5  175.2  155.1 
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RADIUS  =  1 . 000 

AMPLITUDE  =  .0022  .0033  .0018  .0023  .0030  .0025  .0007  .0016 

PHASE  ANGLE  =  186.0  133.7  164.6  241.2  242.8  296.2  295.0  125.9 


TABLE  A-6  -  HARMONIC  ANALYSES  OF  TANGENTIAL  VELOCITY  COMPONENT  RATIOS  AT  THE  INTERPOLATED 

RADII  FOR  EXPERIMENT  2 
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z  a  o 

UJ  Ui  Z 

Z  -J  o 

0-1  -» 

a  uj 

5  a  u. 

O  o  o 

o  a 

CL  (/» 


o  o 

CN  t" 

cn  in 

o  *~ 

CD  • 

• 

cn  • 

*7  • 

-  cn 

-  m 

o  cn 

O  O 

O 

O  <7 

o  to 

o  — 

* 

'  r~ 

cn  <r 

<T>  O 

o  *- 

CN  CO 

r-  - 

CN  • 

CD  • 

*— 

—  in 

—  *7 

o 

O  3% 

O  <D 

O  CD 

O  CD 

O  (O 

* 

' 

k  in 

04  CN 

O  CN 

to  in 

CN  • 

r-  . 

—  • 

to  • 

04  m 

—  CD 

*■*  <r 

O  CN 

o  — 

o  *- 

O  04 

o  r- 

•  04 

•  CN 

♦  CN 

•  CN 

04  m 

( O  CD 

"7  (71 

r-  cn 

r-  . 

V-  • 

in  • 

• 

cn  ro 

cn  t-~ 

m 

o  n- 

o  ro 

o  ro 

o  *7 

o  t- 

•  04 

•  CN 

•  CN 

•  CN 

co  *7 

in  cr> 

CN  CD 

cn  cn 

o  • 

<T>  • 

t-  • 

o  ■ 

tn  cd 

to  o 

cn  m 

w-  «— 

O  <7 

o  in 

o  in 

O  CD 

•  o t 

•  CN 

•  CN 

•  CN 

in  ro 

cd  cn 

CD  -- 

*7  in 

cn  • 

to  • 

• 

o  • 

to  in 

to  CN 

CN  CO 

CN  ID 

o  co 

O  *7 

o  in 

o  r- 

•  CN 

*  CN 

•  CN 

•  CN 

o  nt 

r-  in 

cn  co 

<7  O 

r-  • 

to  • 

cn  • 

CO  • 

<7  «- 

O  CD 

ro 

ro  CO 

O  CD 

O 

o  t- 

o  in 

•  CN 

•  CN 

•  CN 

•  CN 

*3  CO 

r-  to 

«t  CO 

CD 

o  • 

CD  • 

<7  ■ 

<7  • 

O  CD 

f"  CN 

in  o 

CN  <7 

ro 

o  <7 

o  in 

O  CD 

•  CN 

•  CN 

•  CN 

*  CN 

UJ  O 

o  «  o  z 

—  o  < 

z  </>  *- 

O  Z3  •  UJ 

5  *— •  — i  i/> 

a  o  a  < 

<  <t  5  X 

x  a  <  a 


XAD-A092  2*6 

unclassified 

DAVID  V  TAYLOR  NAVAL  SNIP 

analysis  Of  vake  survey  e 

OCT  80  R  B  HUP* ITZ  r  L  B 
OTNSBDC/SPD-0833-0V 

RESEARCH  AND  DEVELOPMENT  CE— ETC  F/«  20/* 
XPERIMENTAL  DATA  FOR  MODEL  5365  REPRES— ETC(U) 
CROOK 

nl 

m 

■ 

— 

' 

( 

s 

-4 

. 

, 

i 

j 

* 

i . 

I  1 

i 

i 

1  1 

TABLE  A-10  (Continued) 


m  0 

01  m 

CO  CD 

CM  CD 

in  *- 

K  CM 

CM  CD 

*  m 

ID  01 

0» 

K  • 

in  • 

M  • 

Ol  • 

^  • 

O  • 

O  • 

0  • 

O  • 

n 

(0 

0  <0 

0  0 

O  CD 

0  a) 

0  0 

O  M 

O  O) 

0  0 

O  V 

K 

0  in 

O  ID 

O  CO 

O  0) 

O  M 

O  CO 

O  CO 

O  ID 

O  CM 

• 

•  CM 

•  CM 

•  CM 

•  CM 

•  CO 

•  CO 

•  CM 

•  ^ 

•  ^ 

li 

> 

co  cd 

•*  01 

01 0> 

OK 

K  CM 

CM  CM 

M  K 

«n  0 

< 

X 

M  • 

n  • 

• 

«-  • 

O  • 

O  • 

O  • 

0  • 

> 

m 

0  at 

0  «® 

O  K 

O* 

0  co 

O  CM 

0  m 

O  K 

0  * 

•- 

0  0 

0  •- 

O  CM 

O  O 

O  M 

O  CO 

O  M 

O  ID 

0  co 

•  CM 

•CM 

•  CM 

•  co 

•  CO 

•  10 

•  CM 

•  ^ 

•  •* 

in 

0 

** 

CM  K 

CM  01 

CD  K 

m  cm 

co  in 

CD  CD 

<0  CM 

M  01 

*  ^ 

K 

CD  • 

<0  • 

CO  • 

0  • 

•— 

O  • 

O  • 

O  • 

0  • 

X 

* 

O  CD 

O  CO 

O  CM 

0  01 

0  co 

O  CO 

O  CM 

O  ID 

0  0 

tr 

0  co 

O  CO 

O  CO 

0  CD 

O  M 

O  CM 

0  m 

O  CD 

0  m 

•  «■ 

• 

•  ^ 

• 

•  CO 

•  CO 

•  CM 

•  ^ 

•  ^ 

K 

z 

UI 

z 

co  0 

0  0 

K  ^ 

K  CO 

O  *- 

cd  m 

*  * 

«*  * 

co  t 

Q 

CD  • 

CM  • 

O  • 

CM  • 

w-  • 

0  ■ 

O  • 

O  • 

0  • 

1  K 

K 

0 

—  O) 

—  CD 

O  CD 

O  M 

O  K 

0  CD 

O  - 

O  * 

0  •- 

UI 

2 

0  ^ 

O  — 

O  ** 

O  O 

0  co 

O  O 

0  in 

O  O 

0  0 

UI 

O 

•  •- 

•  •» 

•  CO 

•  CO 

•  CM 

•  CM 

•  CM 

u. 

O 

K 

CM  M 

K  K 

id  in 

k  in 

ID  K 

ID  0 

CO  CM 

CO  CD 

M  CD 

CM  • 

K  • 

CM  • 

M  • 

O  • 

0  • 

O  • 

O  • 

O  • 

O 

CM 

CM  V 

*-  co 

—  CM 

O  ID 

O  O 

O  CM 

O  ID 

O  CD 

O  O 

O 

O  — 

O  — 

O  — 

O  O 

O  CM 

0  — 

0  m 

O  O 

O  O 

~J 

UI 

•  *- 

• 

•  •— 

• 

•  10 

•  CM 

•  CM 

•  CM 

> 

-1 

ID  CM 

V  — 

co  o» 

O  O 

(0  OD 

K  K 

m  at 

in  v 

Kin 

< 

ID  • 

m  • 

in  - 

O  • 

O  • 

0  • 

0  « 

0  • 

z 

CM  O 

«  O 

-  o> 

0  o> 

O  *- 

0  at 

0  m 

0  CD 

0  CD 

O  *■ 

O  *- 

0  0 

0  0 

0  at 

O  CD 

O  ID 

0  «- 

0  at 

CM  N  h® 

m  •  co  • 

*-•-  O  CD 

o  »-  o  o 


«  •  ®  • 

*-  O  OK 

O  CM  O  O 


ui  o  ui  O  ui  O  uo  uj  o  uO  ui  O  ui  O  ui  o 
u  NOZ  NOZ  m  o  Z  HOZ  h  o  Z  U  O  Z  mQZ  moz  moz 
M  3  <  3  <  3  <  3  <  3  <  3  «'  3  <  3  <  3  < 

z  (/)  t~  (A  H  ®  h  (/)  h-  l/>  *-  l/)H  «/)  H  «/>  ♦-  Irt  K 

8^H|g  ^  m  yj  3  m  lii  3  m  Ui  3  m  UI  3  m  ui  3  h  ||i  3  m  Ui  3  m  Ui 

H  J(i)  M  J|/)  M  Jtfl  *-*_!«/)  M  J  I/)  M  Jt/)  M  J  I/)  M  J|/|  M  J(A 

a  oa<  o  a  <  o  a.  <  o  a.  <  aa  <  aa<  oa<  o  a  <  o<l< 

<  <SZ  «  Z  X  <ZZ  CSX  <2X  <ZX  <SI  «  Z  I  CSX 

X  K<a  s<a  a:  <  a  s<a  oc  <  a  a  <  a  a  <  a.  a  <  a  a:  <  a 


76 


TABLE  A-ll  -  HARMONIC  ANALYSES  OF  TANGENTIAL  VELOCITY  COMPONENT  RATIOS  AT  THE  EXPERIMENTAL 
RADII  FOR  EXPERIMENT  7 


TABLE  A- 12  -  HARMONIC  ANALYSES  OF  TANGENTIAL  VELOCITY  COMPONENT  RATIOS  AT  THE  INTERPOLATED 
RADII  FOR  EXPERIMENT  7 


(0  in 

*-  CM 

10  t*» 

®  o 

O  CM 

N  1*- 

0  D 

o  *» 

CM  CO 

0> 

v  • 

O  • 

to  • 

CM  • 

CM  • 

O  • 

O  • 

v— 

V—  • 

ro 

© 

o  in 

o  to 

o  co 

o  o 

O  — 

O  <T 

o  ® 

O  V 

o  © 

f- 

o  o- 

o  in 

O  (0 

o  ® 

o  o 

O  CM 

O  0 

o  o 

O  CM 

• 

• 

• 

• 

• 

• 

* 

•  CM 

•  CO 

•  CO 

a 

> 

*  at 

o  © 

CO  10 

CM  P- 

0  <71 

o  o 

0  V 

0  O- 

r*  ® 

< 

0  • 

m  • 

V  • 

CO  • 

CM  • 

»—  • 

O  • 

* 

• 

3 

o  tr 

o  *- 

o  © 

O  ® 

O  CM 

o  ^ 

O  CM 

O  0 

O  0 

> 

o  n 

o  co 

o  — 

o  m 

O  0 

O  M 

o  © 

O  0 

O  0 

•  ^ 

•  t* 

•  *“ 

• 

• 

• 

•  CM 

•  CM 

•  CM 

1* 

• 

a 

o 

©  r- 

in  o 

r-  ® 

®  <0 

tO  0 

—  0 

r*  i** 

CO  CM 

CM  0 

X 

— 

»  • 

w—  • 

N  • 

CM  • 

CM  • 

»-  • 

o  • 

CM  • 

CO  • 

0 

0 

—  o 

*• 

o  o 

O  CM 

O  O 

O  0 

o  r* 

o  to 

O  CM 

< 

O  (0 

o  m 

o  in 

O  - 

O  M 

O  CM 

o  - 

o  — 

O  — 

g 

K 

•  ^ 

•  *■* 

•  ^ 

• 

• 

• 

•  CM 

•  CM 

•  0 

<r 

u. 

z 

UJ 

an  m 

CM  N 

CM  M 

CM  f- 

CO  to 

0  O 

at  * 

0  — 

m 

z 

O  • 

m  • 

O  • 

CM  • 

CM  • 

•—  • 

v-  • 

CO  • 

0  • 

to »- 

s 

in 

CM  •* 

o 

® 

o  to 

o  to 

o  ® 

o  to 

o  V 

o  — 

to  uj 

O  10 

O  (0 

o  in 

O  <T 

O  0 

O  CM 

O  f 

o  at 

o  at 

in  uj 
u. 

-J 

s 

o 

•  ^ 

•  ^ 

• 

•  CO 

•  10 

•  CM 

•  •• 

0  o 

o  o 

► 

—  O 

O  10 

—  CO 

O  0 

0  0 

CM  O 

r-* 

0  ® 

CM  — 

o  • 

»- 

ar  . 

®  . 

•—  • 

CM  • 

V  • 

to  • 

»—  • 

M  • 

N  • 

Z  <0 

M 

v 

CM  © 

-  <71 

—  CO 

O  <7> 

o  o 

O  0 

O  CO 

o  t*. 

o  to 

o 

O  O’ 

O  <7 

o  m 

O  O 

o  o 

O  CD 

O  CM 

O  P- 

O  P» 

oc 

O  M 

o 

•  ^ 

•  <r* 

* 

•  CM 

•  CO 

•  CM 

•  CM 

*  *“ 

• 

u. 

UJ 

ac 

> 

<n  uj 

0  © 

m  o 

i**  — 

0  O 

O  M 

0  0 

0  CM 

CM  0 

O-  o 

o  *- 

-J 

•-  • 

m  • 

®  • 

*—  • 

0  • 

M  • 

• 

M  • 

P"  • 

UJ 

< 

co 

CM  — 

*-  CO 

O  0 

O  P* 

O  ® 

O  0 

o  at 

o  at 

O  CM 

♦-  Z 

— 

O  O 

o  O 

O  V 

o  p* 

o  o 

O  O 

O  0 

O  0 

O  0 

<  3 

*- 

*  ^ 

•  ^ 

•  *- 

•  CM 

•  CO 

•  CO 

*  CM 

•  *- 

• 

ac.  — 

z 

a 

UJ 

o 

z  ac 

z 

^  W 

oi  to 

CO  © 

O  CM 

o  at 

CO  to 

to  - 

n 

nt 

UJ  Ul 

< 

o  • 

0  • 

0  . 

CM  ■ 

at  • 

CO  • 

M  • 

o  • 

CO  • 

2  -J 

*- 

n 

o  to 

CM  CM 

-  at 

O  CM 

o  — 

O  CM 

O  V 

—  t** 

—  o 

O 

o 

o  o 

O  M 

o  o 

o  o 

O  CM 

O  CM 

O  0 

&  UJ 

u. 

•  •• 

• 

•  CO 

•  CO 

•  CO 

• 

•  •“ 

•  •— 

I  a 

o 

5  o 

u  ac 

in 

a 

8 

CD  * 

o  o 

9n- 

0  CM 

O  P* 

0  CD 

*  — 

to  r 

©  CO 

► 

h-  • 

p*  • 

M  • 

at  • 

0  • 

f**  • 

0  • 

0  • 

► 

io  © 

in  cm 

O  0 

CM  O 

O  CM 

at  o 

0  0 

0  0 

00 

— 

-J 

CM  CD 

CM  f* 

CM  h 

CM  ® 

CM  ® 

«*  a 

—  N 

—  P* 

—  N 

u 

« 

•  ^ 

•  ^ 

• 

•  ^ 

• 

•  ^ 

•  *• 

• 

•  — 

o 

Z 

-J 

3 

UJ 

— 

a 

n  a  » 

O  •  I 

O  •  • 

O  •  « 

o  •  a 

O  a  ■ 

O  a  a 

o  a  a 

ODD 

z 

•» 

0 

o 

o 

o 

o 

o 

o 

o 

O 

co 

cn 

* 

«n 

® 

** 

0 

o 

1 

UJ 

UJ 

UJ 

•  0 

0 

0 

0 

0 

0 

s 

-J 

J 

-J 

_j 

_J 

-J 

-J 

-J 

«-  -J 

< 

UJ  Q 

uj  a 

0  o 

0  o 

0  O 

0  o 

0  o 

0  O 

0  O 

z 

u 

a  O  Z 

N  o  z 

H  o  Z 

N  O  Z 

a  a  z 

a  O  Z 

a  Q  Z 

a  O  Z 

a  O  Z 

— 

3  < 

3  < 

3  < 

3  < 

3  < 

3  « 

3  < 

3  < 

3  « 

z 

in  ►- 

in  »- 

0  ►- 

0  H- 

0  t- 

0  •- 

0  — 

0  1- 

0  »- 

o 

3hu 

3  —  UJ 

3-0 

3—0 

3  —  0 

3  —  0 

3  —  0 

3-0 

3  —  0 

s 

—  -j  in 

—  -j  in 

—  — j  in 

—  0 

—  -J  0 

—  -J  0 

—  0  0 

—  -J  0 

—  JM 

DC 

o  a  < 

O  a.  < 

o  a  < 

o  a.  < 

o  a  < 

o  a  < 

o  a.  < 

o  a.  < 

o  a  < 

< 

<  z  z 

*  Z  I 

<  X  I 

<  Z  Z 

<  z  z 

<  z  z 

<  z  X 

<  z  z 

<IZ 

Z 

k  «c  a 

or  <  a 

a  <  a 

a:  <  a 

ac  <  Q. 

a  <  a 

cr  <  a. 

ac  <  a. 

TABLE  A-12  (Continued) 


0)  ID 

^  O 

k  a 

!*•  9 

co  id 

*-  CD 

CM  •- 

CM  CM 

01 

N  ♦ 

(O  • 

M  • 

CM  • 

O  • 

o  • 

o  . 

o  • 

o  • 

CO 

(O 

O  « 

o  — 

O  00 

O  CD 

o  in 

O  If) 

o  CM 

o  n 

o  f- 

I'¬ 

O  — 

o  — 

o 

o  in 

o  — 

O  CD 

o  co 

O  CO 

O  CM 

•  co 

•  co 

•  CM 

•  CM 

• 

* 

ll 

Jl— L 

> 

eo  01 

*  CM 

CM 

t'-  <r 

0)  00 

V  o 

—  t- 

CM  CO 

CM 

< 

o  • 

CD  • 

CD  • 

CM  • 

o  • 

o  * 

o  • 

o  • 

o  • 

*- 

in 

«-  00 

O  t- 

O  * 

O  — 

o  * 

o  «- 

O  CD 

O  CD 

O  CD 

> 

o  «- 

o  «- 

o  +~ 

O 

o  *• 

O  01 

o  o 

o  — 

O  CM 

• 

• 

• 

•  co 

•  CM 

•  CO 

• 

•  •* 

CO 

o 

oi  t- 

M  CM 

M  rt 

o  «- 

o>  o» 

in  o 

O  CM 

CO  V 

v  co 

Oi  • 

O  • 

r-  • 

co  • 

o  • 

o  • 

o  • 

o  • 

o  • 

V“ 

—  o 

O  N* 

o  V 

o  o> 

O  0> 

O  CD 

o  *- 

O  CM 

< 

O  CM 

O  CM 

O  — 

o 

o  01 

O  CD 

o  co 

O  CM 

O  CO 

ac 

• 

• 

• 

• 

•  CM 

•  CM 

•  V 

•  ^ 

• 

Ik. 

z 

Ui 

co  in 

CO  co 

CD  O 

r-  CD 

01  CD 

CD  9 

-  01 

<9  O 

CO  CM 

in 

z 

m  * 

CM  • 

00  * 

CO  • 

o  • 

o  • 

o  • 

o  • 

o  • 

CD  l~ 

o 

CO 

—  9 

—  CO 

o  »* 

O  00 

o  in 

o  © 

o  — 

o  n- 

O  00 

CO  Ui 

a 

O  CM 

O  CM 

O  CM 

o 

O  f* 

o  in 

o  — 

o  *- 

O  CM 

in  uj 
u. 

-J 

UI  o 

z 

a 

Cl 

•  CM 

•  CM 

•  CM 

• 

* 

o  o 

>■ 

9  O 

CD  CO 

CO  0) 

01  o 

o  r- 

oo  r- 

—  9 

in  cm 

®  t- 

o  • 

*- 

t*-  • 

CO  • 

01  * 

CM  * 

• 

o  • 

O  . 

o  • 

o  • 

Z  CD 

»— « 

CM 

f-  N- 

—  CD 

O  9 

O  CD 

O  CM 

o  n- 

o  o 

o  o 

O  h 

u 

O  CM 

O  CM 

O  CM 

o  — 

O  5T 

O  CO 

O  CT> 

O  01 

o  o 

a 

O  II 

o 

• 

•  CM 

•  CM 

•  CM 

• 

*  f 

*-  z  ~ 

<  <  *- 

□C  Z 

O  ui 

♦-  o 

Z  «r  z 

Ui  uj  < 

z  — *  »- 

o 

a.  ui  u. 

Z  a  o 

o  o 


> 

-1 

© 
c*  • 

CO  CO 

CO  • 

o  0> 

0)  • 

CO  0! 

CM  • 

o  r- 

o  • 

CM  01 

O  . 

t-  00 

o  • 

cm  m 

< 

*- 

t* 

—  I-. 

o  r- 

o  — 

o  in 

O  CO 

O  CO 

o  o 

O  f 

O  CM 

O  CM 

O  CM 

O  CO 

O  01 

o  »- 

O  CO 

O  CD 

O  CD 

*- 

• 

• 

• 

• 

•  •— 

•  CM 

•  CO 

• 

• 

z 

Ui 

o 

z 

CM  0> 

N 

in  co 

CO  00 

<r  in 

CD  «- 

CM  01 

01  N* 

in  oi 

< 

9  • 

^  • 

n*  • 

CM  • 

• 

o  • 

o  • 

o  • 

^  • 

h- 

o 

—  in 

—  t- 

o  — 

O  CO 

o  in 

O  CO 

o  o 

O  CD 

O  CO 

O  CM 

O  CM 

O  CO 

o  in 

o  in 

O  CD 

o  CO 

O  CO 

o  m 

lk 

• 

• 

• 

•  «- 

•  •“ 

•  CO 

• 

• 

w  a 

& 

*n 

UI 

n  o» 

CO  (0 

O  00 

CO  *- 

O  K 

O  CM 

CO  co 

N  CD 

CO  o 

► 

in 

OV  . 

r-  • 

in  • 

CM  • 

CM  • 

• 

o  • 

o  • 

V*  • 

H- 

► 

0» 

o  *- 

o  CO 

o  in 

O  t* 

o  CM 

O  CO 

O  «9 

O  OD 

ON 

k* 

-1 

O  CM 

O  CM 

O  CO 

o  t- 

O  CO 

O  ID 

o  m 

o  in 

O  CM 

CJ 

< 

• 

• 

• 

• 

•  ^ 

• 

•  CM 

•  CO 

• 

9 

CM  N  N 

O  II  9 

OHM 

OKU 

OHM 

O  M  « 

OHM 

0  9  9 

0  9  9 

m 

o 

o 

o 

o 

o 

o 

O 

CO 

CO 

V 

m 

ID 

t- 

a> 

01 

o 

•  Ui 

•  Ui 

Ui 

.  Ui 

.  Ui 

•  Ui 

•  UJ 

»  Hi 

UI 

~J 

-J 

-J 

-J 

-J 

-J 

_< 

*-  -1 

ui  a 

ui  O 

ui  O 

Ui  O 

•  UJ  CD 

uj  CJ 

uj  o 

uj  O 

ui  O 

u 

H  O  Z 

h  D  z 

II  QZ 

H  o  Z 

II  QZ 

II  O  Z 

II  oz 

ll  QZ 

ll  Q  z 

t—t 

z>  < 

3  < 

3  < 

o  « 

3  < 

3  < 

o  < 

D  < 

3  < 

z 

in  »- 

in 

in  i- 

in  »- 

in  »- 

in  h* 

in  »- 

in  *- 

in  h* 

n 

3HUi 

DHUi 

l  D  —  uj 

3  M  UJ 

3  M  UJ 

n  —  uj 

D  — •  Ui 

QmUJ 

3  *-•  UJ 

z 

H  J  1/1 

•—•—*1/1 

1  «H  J  l/l 

•-«  -j  in 

•-»  -j  in 

•-h  _i  in 

*-«  -i  in 

*-i  -j  in 

w  Jtf) 

cc 

O  a.  < 

o  a  < 

o  a  < 

o  a.  < 

D  a.  « 

o  a  < 

Q  a.  < 

Q  a  < 

o  a  < 

< 

<  Z  I 

<  S  I 

<  Z  I 

<  Z  I 

<  Z  X 

<  Z  I 

<  S  X 

<  Z  X 

<  Z  I 

z 

a  <  a 

a.  <  a 

a  <  a 

a  <  a. 

cr  <  a 

a  <  a 

tr  <  a 

oc  <  a. 

k  <  a 

APPENDIX  B 

VELOCITY  COMPONENT  RATIOS  AND  HARMONIC  ANALYSIS 
FOR  EXPERIMENTS  3  AND  9 
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ANGLE  IN  DEGREES 

VELOCITY  COMPONENT  RATIOS  FOR  MODEL  5365  CORRELATION  WITH  R/V  ATHENA  3 

0.456  RAD. 

Figure  B-l  -  Circumferential  Distribution  of  the  Longitudinal,  Tangential, 
and  Radial  Velocity  Component  Ratios  -  Radius  Ratio  *  0. 456 
for  Experiments  3  and  9 

x  :  Experiment  3 
A  :  Experiment  9 
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ANGLE  IN  DEGREES 

VELOCITY  COMPONENT  RATIOS  FOR  MODEL.  5355  CORRELATION  WITH  R/V  ATHENA  3 

0-633  RAO  . 

Figure  B-2  -  Circumferential  Distribution  of  the  Longitudinal,  Tangential, 
and  Radial  Velocity  Component  Ratios  -  Radius  Ratio  “  0.633 
for  Experiments  3  and  9 

x  :  Experiment  3 
$  :  Experiment  9 
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VELOCITY  COMPONENT  RfiTfOS  FOR  MODEL  5355  CORRELATION  WITH  R/V  RTHENR  3 

0.791  RflD . 

Figure  B-3  -  Circumferential  Distribution  of  the  Longitudinal,  Tangential, 
and  Radial  Velocity  Component  Ratios  -  Radius  Ratio  *  0.781 
for  Experiments  3  and  9 


x  :  Experiment  3 
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VELOCITY  COMPONENT  RATIOS  FOR  MODEL  5365  CORRELATION  WITH  R/V  ATHENA  3 

0.963  RAD  . 


Figure  B-4  -  Circumferential  Distribution  of  the  Longitudinal,  Tangential, 
and  Radial  Velocity  Component  Ratios  -  Radius  Ratio  *  0.963 
for  Experiments  3  and  9 


x  :  Experiment  3 
8  :  Experiment  9 
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Figure  B-5  -  Radial  Distribution  of  the  Mean  Velocity  Component  Ratios 
for  Experiment  3 
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Figure  B-6  -  Radial  Distribution  of  the  Mean  Advance  Angle  and  Advance 
Angle  Variations  for  Experiment  3 


87 


BNEC  A  6P0S  CD 


VR/V  VT/V 


-20  0  20  40  60  30  )00  120  140  160  130  200  220  240  260  230  300  320  340  330  330 

fiNGLE  IN  DEGREES 

VELOCITY  COMPONENT  RfiTIOS  FOR  MODEL  5365  FROM  EXP.  9 

0.455  RfiD  . 


Figure  B-7  -  Circumferential  Distribution  of  the  Longitudinal,  Tangential, 
and  Radial  Velocity  Component  Ratios  -  Radius  Ratio  ■  0.456 
for  Experiment  9 
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Figure  B-8  -  Circumferential  Distribution  cf  the  Longitudinal,  Tangential, 
and  Radial  Velocity  Component  Ratios  -  Radius  Ratio  *  0.633 
for  Experiment  9 
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VELOCITY  COMpONENT  RRTIOS  FOR  MODEL  5355  FROM  EXP.  9 


0-731  RRD . 


Figure  B-9  -  Circumferential  Distribution  of  the  Longitudinal,  Tangential, 
and  Radial  Velocity  Component  Ratios  -  Radius  Ratio  «  0.781 
for  Experiment  9 
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Figure  B-10  -  Circumferential  Distribution  of  the  Longitudinal,  Tangential, 
and  Radial  Velocity  Component  Ratios  -  Radius  Ratio  *  0.963 
for  Experiment  9 
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RADIUS  =  .963 

AMPLITUDE  =  .0002  .0008  .0014  .0023  .0025  .0022  .0016  .0014 

PHASE  ANGLE  =  21.6  212.2  206.4  191.3  172.3  153.9  124.6  46.0 
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TABLE  B-7 


INPUT  DATA  FOR  HARMONIC  ANALYSIS  FOR  R/V  ATHENA  , 
MODEL  5365,  EXPERIMENT  9 


INPUT  DATA 


RADIUS  ■ 

.456 

RADIUS  « 

.  781 

VR/V 

-.092 

ANGLE 
-1  .0 

VX/V 

1.014 

VT/V 

.023 

VR/V 

-.010 

ANGLE 

2.9 

VX/V 

1.015 

VT/V 

-.025 

17.6 

1 

.003 

-.098 

-.076 

48 . 7 

1 .052 

-.137 

-.104 

45.2 

1 

.  122 

-.168 

-.084 

89.1 

1.063 

-.190 

.  007 

63.6 

1 

.121 

-.217 

-.053 

94.6 

1 .070 

-.188 

.  023 

63.6 

1 

.  124 

-.216 

-.058 

133.2 

1 .058 

-.136 

.  1  27 

91.1 

1 

.137 

-.241 

-.007 

140.0 

1 .054 

-.117 

.  1 42 

109.0 

1 

.  132 

-.228 

.031 

179.0 

1 .075 

.002 

.  182 

135.0 

t 

.129 

-.170 

.076 

179.0 

1 .076 

.002 

.  1  82 

155.6 

1 

.136 

-.097 

.099 

225.5 

1 .075 

.  1  34 

.  T35 

179.7 

1 

.  131 

-.003 

.111 

271.4 

1 .092 

.191 

.013 

193.0 

1 

.  136 

.055 

.  1  08 

316.0 

1.072 

.128 

-.116 

224.2 

1 

.138 

.159 

.  081 

349.3 

1.024 

.025 

-.127 

240.0 

1 

.  145 

.196 

.055 

351 .3 

1  .020 

.016 

-.121 

269.6 

1 

.137 

.225 

.002 

355.6 

1  .027 

-.017 

—  .111 

269.7 

1 

.  145 

.224 

-.002 

362.9 

1  .015 

-.025 

-.092 

286.  1 

1 

.143 

.215 

-.034 

315.0 

1 

.  131 

.148 

-.081 

331  .0 

1 

.121 

.116 

-.093 

RADIUS  ■ 

.963 

VR/V 

359.0 

1 

.014 

.023 

-.010 

ANGLE 

VX/V 

VT/V 

361.0 

t 

.014 

.023 

-.010 

-.5 

1 .01  1 

.036 

-.135 

-1  .0 

1 .009 

.036 

-.  137 

RADIUS  * 

.633 

45.5 

1.050 

-.120 

-.145 

ANGLE 

VX/V 

VT/V 

VR/V 

91 .2 

1.071 

-.177 

-.  014 

-.3 

.013 

-.035 

-.070 

135.1 

1 .056 

-.124 

.115 

46.0 

.048 

-.133 

-.111 

180.9 

1 .066 

.009 

.169 

91 .7 

.091 

-.189 

-.007 

225.1 

1  .066 

.133 

.119 

137.0 

.053 

-.122 

.102 

271 .0 

1  .074 

.193 

-.011 

137.0 

.056 

-.121 

.101 

316.0 

1.063 

.135 

-.146 

183.4 

.049 

.032 

.136 

359.0 

1  .009 

.036 

-.137 

225.5 

.047 

.168 

.080 

359.5 

1.011 

.036 

-.  135 

271.0 

.071 

.225 

-.032 

360.5 

1.01  1 

.036 

-.135 

315.7 

.059 

.152 

-.129 

330.8 

.064 

.117 

-.155 

340.0 

.047 

.035 

-.126 

351 .0 

.016 

.005 

-.101 

358.0 

.014 

-.035 

-.074 

359.7 

.013 

-.035 

-.070 
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TABLE  B-8  -  LISTING  OF  THE  MEAN  VELOCITY  COMPONENT  RATIOS,  THE  MEAN  ADVANCE  ANGLES  AND 
OTHER  DERIVED  QUANTITIES  AT  THE  EXPERIMENTAL  AND  INTERPOLATED  RADII 
FOR  EXPERIMENT  9 
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BNEG  IS  VARIATION  BETWEEN  THE  MINIMUM  AND  MEAN  ADVANCE  ANGLES  (DELTA  BETA  MINUS) 
THETA  IS  ANGLE  IN  DEGREES  AT  WHICH  CORRESPONDING  BP0S  OR  BNEG  OCCURS. 


TABLE  B-9  -  HARMONIC  ANALYSES  OF  LONGITUDINAL  VELOCITY  COMPONENT  RATIOS  AT  THE  EXPERIMENTAL 
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TABLE  B-10  -  HARMONIC  ANALYSES  OF  LONGITUDINAL  VELOCITY  COMPONENT  RATIOS  AT  THE  INTERPOLATED 
RADII  FOR  EXPERIMENT  9 
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APPENDIX  C 

VELOCITY  COMPONENT  RATIOS  AND  HARMONIC  ANALYSIS 


FOR  EXPERIMENT  1+ 


VR/V  VT/V  VX/V 


ANGLE  IN  DEGREES 


VELOCITY  COMPONENT  RATIOS  FOR  MODEL  5365  CORRELATION  WITH  R/V  ATHENA  4 

0.-156  RAD  . 


Figure  C-l  -  Circumferential  Distribution  of  the  Longitudinal,  Tangential, 
and  Radial  Velocity  Component  Ratios  -  Radius  Ratio  ■  0.456 
for  Experiment  4 
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RNGIE  IN  DEGREES 

VELOCTTY  COMPONENT  RRHOS  FOR  MODEL  5355  CORRELATION  WITH  R/V  PthENR  4 

0.633  RRD  • 


Figure  C-2  -  Circumferential  Distribution  of  the  Longitudinal,  Tangential 
and  Radial  Velocity  Component  Ratios  -  Radius  Ratio  =  0.633 
for  Experiment  4 


VR/V  V  T / V  VX/V 


VEL  GC  TTY  CCnpONENT  RRTJOS  FOR  MODE!  5355  CORRECTS1 !  ON  WITH  R/V  RTHENfi  4 

0  781  RRD . 

Figure  C-3  -  Circumferential  Distribution  of  the  Longitudinal,  Tangential, 
and  Radial  Velocity  Component  Ratios  -  Radius  Ratio  =  0.781 
for  Experiment  4 
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VR/V  VT/V  VX/ 


VELOCITY  COMPONENT  RATIOS  FOR  MOOEl  5365  CORRELATION  WITH  R/V  ATHENA  i 

0 .963  RAD • 

Figure  C-4  -  Circumferential  Distribution  of  the  Longitudinal,  Tangential 
and  Radial  Velocity  Component  Ratios  -  Radius  Ratio  =  0.963 
for  Experiment  4 
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Figure  C-6  -  Radial  Distribution  of  the  Mean  Advance  Angle  and  Advance 
Angle  Variations  for  Experiment  4 
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BNEC  A  BPOS  □ 


TABLE  C-l 


INPUT  DATA  FOR  HARMONIC  ANALYSIS  FOR 
MODEL  5365,  EXPERIMENT  4 


R/V  ATHENA, 


««LF 
M 
It.  9 
14.9 
I*. 6 
It.’ 
77.  r 

76.6 
H.t 
*0.  7 

69.6 

M.i 

1 99.6 
179. • 
1*1.1 
140. • 
1?*.# 

194.1 
144.  J 
714. J 

714.1 
7*4.1 

774.1 

744.4 
JM.4 

177.9 

111.1 

117.9 
J14.4 

114.4 

147.4 
1*4.7 
1*9.7 
»«.* 
149.0 


VV/V  4M7.1F 

-.ftl  -.1 

-.917  4.9 

-.0*9  14.4 

-.074  71.9 

-.446  ^.4 

—  . C  44  77.4 

-.444  11.0 

-.1)47  14.4 

-.0*0  *1.9 

-.9*7  *4.4 

-.  074  7i. g 

.Oil  7*.o 

.046  41.4 

.074  44.4 

.C47  114,1 

. C*4  114.4 

.044  I**.? 

.047  141.9 

.04?  700.0 

.0*4  7  71.1 

.076  271.1 

-.017  7*9.7 

-.0*7  769.6 

-.074  744.0 

-.04?  741.0 

-.040  7*4.4 

-.04*  1 00 . 7 

-.947  194.4 

-.06*  179.9 

-.04*  lit. I 

-.019  111. 7 

-.01*  11*. 7 

-.017  117.7 

-.01.1  117.7 

141.9 
144.1 
344.7 


46PIII*  »  .9.11 

VIS V  VT/V 

.4**  -.604 

.444  -.917 

1.970  -.011 

.474  -.01* 

.447  -.061 

.441  -.104 

1.044  -.061 

1.016  -,0«? 

1.014  -.107 

1.936  -.114 

1.046  -.111 

1.044  -.11* 

1.1*1  -.1*7 

1.9*0  -.114 

1.041  — . 1 t4 

t  .  0 ? 4  -.074 

1.076  -.01* 

1.976  .01« 

1.574  .066 

1.071  .104 

1.077  .»e4 

1.074  . 1 4 1 

1.014  .16* 

1.014  .171 

1.140  .1?? 

I. 041  .167 

1.0*6  .1*7 

1.014  .116 

1.017  .107 

1.046  .104 

1.071  .174 

.4*1  .10* 

.461  ,0»* 

.469  .016 

t.oi7  .on 

1.997  .019 

.44*  -.004 


vt/v 

-.0  76 
-.076 
-.544 
-.107 
-.11* 
-.176 
-.111 
-.117 
-.044 
-.07* 
-.0*1 
-.034 
-.107 
.  104 
.  8*  J 
.6*4 
.  Ill 
.170 
.110 
.0*6 
.0*6 
.0*1 
.00* 
-.011 
-.014 
-.061 
-.0*0 
-.110 
-.119 
-.1*9 
-.1*1 
-.146 
-.17* 
—  •  1  ?4 
-.176 
-.117 
-.074 


41.4 
40.0 
100.* 
I  70.6 
140.* 
140.* 
160.0 
140.0 
140.0 
140.1 
7  Cl  ■  7 
771.7 


170.6 
110.0 
111. I 

117.6 

116.6 
540.* 
1*0.0 
169.0 


06 


•  •/V 

-.0»4 

-.67* 

-.04? 

-.046 

-  .04* 
-.10? 
-.114 
-.111 

-  .  5*1 

-.0*7 

-  .  044 
-.016 

.010 
.M» 
.  064 
.11* 
.1** 
.!** 
.174 
.1*4 
.  1*6 
.!*» 
.176 
.  1*1 
.  177 
.170 
.076 

•  4*7 

•  C?) 
-.01* 
-.c*c 

-.0*9 

-.<*77 

-.046 

-.11? 

-.117 

-.107 

-.116 

-.111 

-.101 

-.774 


17* 
1  14 
144 
144 
1*4 

1*4 

144 

704 

774 
7  74 
744 
7*6 
764 


144.  1 
14*.? 

1*4.6 


041 

CM 

04? 
0  14 
0*6 
1?4 
140 
C?4 
0*0 
e  ** 

ic« 
1  !• 
1?* 

171 
117 
10* 
0*6 
C  76 
T6? 
C  6? 
0  *4 
•  74 
001 
00  1 
Cl* 
0  44 
C*7 
0*1 
0*1 
no 

II* 

in 

140 

1*4 

144 

14* 

17* 

It* 

104 

C  4  7 
0  74 
066 
0  66 
CM 
041 


VV/V 
.  166 
.'17 
.1*1 
.1*4 
.1*6 
.147 
.  1*4 
.1*0 
.164 
.17? 
.  181 
.*76 
.046 

•  Cl* 
.(16 
.  C4» 
.064 

.10* 
.17* 
.*  74 
.117 
.144 
.1*7 
.144 
.147 
.14? 
.113 
.11* 
.164 
.041 

•  >? 
.04| 
.*!» 
.106 
.(61 
.10? 
•  •?* 
.147 

.147 
.1*1 
.  16? 
.161 
.141 

.  t46 
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TABLE  C-3  -  HARMONIC  ANALYSES  OF  LONGITUDINAL  VELOCITY  COMPONENT  RATIOS  AT  THE  EXPERIMENTAL 
RADII  FOR  EXPERIMENT  4 
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F :  A D I u  )  =  1.000 

.OPl.IlFiOE  -  .0184  .0109  .i:  ,.•"•>  .(.07b  .0080  .0047  .0030  .0038 

I-HA8E  ANOIE  787.0  249.3  27...?  702.3  203.7  215.4  157.6  177.0 


RADII ^FOR^XPERiLnT  ^ANGENTIAL  VEL0CITY  COMPONENT  RATIOS  AT  THE  EXPERIMENTAL 
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APPENDIX  D 

VELOCITY  COMPONENT  RATIOS  AND  HARMONIC  ANALYSIS 
EXPERIMENT  5 


-20  0 


20  40  60  30  1 00  1 20  140  160  130  200  220  240  260  230  300  320  3*0  360  330 

ANGLE  IN  DEGREES 

VELOCITY  COMPONENT  RADIOS  FOR  MODEL.  5365  CORRELATION  WITH  R/V  RTHENA  5 

0 .456  RAD . 

Figure  D-l  -  Circumferential  Distribution  of  the  Longitudinal,  Tangential, 
and  Radial  Velocity  Component  Ratios  -  Radius  Ratio  «  0.456 
for  Experiment  5 
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RNGLE  I N  DEGREES 

(/EIGHTY  COMPONENT  RRTIOS  FOR  MOOLI  5355  CORREl  PT  I  ON  WITH  R/V  RTHENR  5 


0-731  RRD • 


Figure  D-3  -  Circumferential  Distribution  of  the  Longitudinal,  Tangential 
and  Radial  Velocity  Component  Ratios  -  Radius  Ratio  =  0.781 
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ANGLE  IN  DEGREES 

VELOCITY  C0MP3NENT  RATIOS  FOR  MODEL.  5365  CORRELATION  WITH  R/V  RTHENA  5 

0-363  RAD  . 


Figure  D-4  -  Circumferential  Distribution  of  the  Longitudinal,  Tangential, 
and  Radial  Velocity  Component  Ratios  -  Radius  Ratio  “  0.963 
for  Experiment  5 


m 


P 


■BPS’! 1  »  WHIWM 


■I frjjjf 


nifiv 


G 

cz. 

cn 

CD 

X 

> 


1  .2 


1.1 


l  .0 


C  .9 


o.s 


0.7 


O.S 


Q.A 


0.3 


0.2 


0-1 


0 

or 

<r 

P  0-0 


-0.2 


XI 

, 

c 

c 

■ 

■ 

■ 

E 

a 

■ 

E 

a 

a 

a 

a 

a 

a 

\ 

: 

:  . 

■ 

m 

m 

a 

m 

a 

a 

a 

■ 

■ 

■ 

a 

■ 

a 

a 

a 

S 

a 

■ 

■ 

9 

■ 

■ 

■ 

m 

a 

a 

a 

a 

m 

■ 

a 

a 

1.1 


1*0  x 
> 
3 
I 


0.3 


0-9  ^ 

X 


0.7 


0.6 


0.6 


0-. 


0.3 


C.O 


0.3  0.<  0.6  0.6  0-7  0.3  0.3  1.0  !.!  1.0 

ROD  I  US 


Figure  D-5  -  Radial  Distribution  of  the  Mean  Velocity  Component  Ratios 
for  Experiment  5 


Radial  Distribution  of  the  Mean  Advance  Angle  and  Advance 
Angle  Variations  for  Experiment  5 


TABLE  D-l 


l  'll".1  III.  LI  W 

••  *  - 


INPUT  DATA 


FOR  HARMONIC  ANALYSIS  FOR  R/V  ATHENA, 
MODEL  5365,  EXPERIMENT  5 


14.4 
14.4 
1*.« 
H.» 
fM 
N.< 
If. 4 
ff.* 
K.l 
14.1 
f4.9 
f*.9 
f*.l 
)4.» 
».* 
w.* 

«<.• 

«.l 

M.l 

H.f 

«.• 

IW.I 

U*.l 

if*./ 

*f*.f 

iw.i 

UM 

U«.l 

*44.9 

144.1 
IM.I 
l»«.l 
1/4.1 

|M.) 

1*4.4 

«•.* 

MM 

?**.» 

fW.I 

fW.k 

f*4.4 

»M.I 

fM.® 

IM./ 

w«.r 

lit.? 

J1*.l 

m.i 

Sir. i 

441.1 

nr.® 

JIM 
444.® 
J14.® 
44*.  • 
J».® 
1*4.9 
114.9 
1J4.® 
HI.® 
HM 

»k.® 

!»«.« 

!»*.( 

IM.I 

JIM 


•  ■nun  • 
«■/« 
l.  If  i 
.4*0 
.*/* 
.**1 
.444 
,44J 
,*«k 
.41} 

•  Ml 
.411 
.4f« 
.Iff 
,IM 
1.994 
1.9*4 
1.9*1 
1.IM 
t.tll 
1.141 
Mil 
t.lH 
MM 
Mil 
1.1*4 
1.1*4 
1.14* 
1.11* 
l.lt* 
Mil 
1.144 
t.ll* 
1.1®> 
l.ltf 
I.IM 


.44* 

|l/» 

•.0®* 

-.184 

-.®tl 

•.Iff 

-.8*4 

-.at® 

-.81* 

-.8*7 

-.84* 

-.1*® 

-.1*4 

-.IF* 

-.14* 

-.1"! 

-.1M 

-.1*4 

-.1*4 

-.144 

-.144 

—  •  1 4F 
-.1*1 
SIM 

-.144 

—  .1  F4 
-.14? 

*.m 

•.M 
-.fM 
-.fM 
•.1*8 
f  FI 

—  .  f  4* 
-.ffl 
-.fit 
-.l«f 
-.l*t 
-.144 
-.If" 

-.0*4 

-•Cff 

-.Cfl 


.014 
.0*4 
.184 
.  If  F 
,l»f 
.144 
.ff* 
.  f  1" 
.ff* 
•  f  F* 
.fIS 
.FBI 


.1*4 

.1*4 

.  I  F® 

.114 
.If* 
.14® 
.1*4 
.  I*f 
.1*4 
.»«* 
.If* 

.1*4 

.14* 

./•l 
•  8*f 
.Ofl 
.Cff 
.f*F 
.1*1 
-.08* 
-.814 
-.0®* 


-.aar 
-.814 
-."1* 
-.•14 
-.Iff 
—  .f4* 
-.849 
-.8*1 
-.8*8 

-.*ff 

-.14® 

..Ml 

-.9*® 

-•191 


-.9*4 

-.9** 

-.C** 

-.8*8 


-.9  49 
-.«F 
.918 

•  Cl  F 

.8*8 

.944 

.8*8 

•  84F 
.  CF4 
.OFF 
.  8"  F 
.8*1 
.8*9 
.9*4 
.9*4 
,f*9 
.C*l 


9F4 
•  ff  J 
.84* 
.014 

.nr 
-.8*8 
-.Cl  F 
-.014 

-.CM 

-.(•** 

-.04* 

-.oar 

-.04* 
-.0*1 
-.6** 
-.04* 
-.0*4 
-111 
-.044 
-.0** 
-.041 
-•  PF4 
-.Iff 
-.44* 
-.94* 
-.140 
-HI 
-.Off 
-.0f4 
-.91* 
*.«|4 
-.11* 


to*. I 
114.) 
lf*.l 
114.1 
14*.  1 
1*4. ( 
14*.  I 


F44.8 
F**«  8 
IF4.® 
f  4*.  1 
f*4.8 
JC*.f 
114.0 
9  f*.f 
111  .f 

9  IF.  f 
114. f 


1*1.8 
144.1 
14F.8 
14*.  1 
1*1.1 
1*1.1 
1*4.1 
1*4.® 
1*4.1 
1*4.1 


•  •(III/*  • 

81/8 
.  *F  4 
.4F4 
.4*4 
.441 
.44* 
.444 
.4F* 

.  *4f 

.  *f  1 

.44* 

444 

414 

44* 

•8  8 
*4* 

•  4® 

•  *• 

•  If 

•  f* 
®*F 

•  *• 

•  If 
•*0 
•4f 
8*4 
8*1 

•  4* 

•  ** 
81* 
841 

•  IF 

•  IF 

•  14 

•ff 

•  f* 

•  1* 
®JJ 

•  IF 

•  »4 

®U 

•  41 
Ul 

•  fl 

•  FT 
018 
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■  44 

•  41 

•  14 
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4F.1 


411 
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•  8F8 
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Fff 
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044 

IF* 

,«t4 
•  *f 

•  ®F4 
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.!*• 
.144 
.144 
.1*4 
.1*4 
.1*4 
.!*» 
.ff® 

•  f84 
.fl* 
./fl 

•  ff® 
.ff* 
.ft* 
«  F8J 
.IF* 
.1*4 

•  1  IF 
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.Iff 
.CFF 
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.114 
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.941 
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.41* 

.4/1 

.00/ 

-.811 

-.91F 
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-.  14* 
-.1/1 
-.114 
-.1*1 
-.14/ 
-.111 
-.If* 
-.11/ 
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-.t®1 


-  .®*1 
-."*/ 
-.0*1 
-.*»* 
—  .  0  F 1 
-.«FI 


Ffl.O 
fit. 4 


••Mil*  • 
88/8 
.4*4 
.4*  F 

•  4F  * 
.441 
.4** 
.444 
.  440 

•  44* 
1.114 
1.01® 

.44* 

.441 

l.lll 

!••/! 

UMI 

1.114 
1.11* 
l.M* 
1.910 
l.  ®1* 

I*  ••* 
l.ffl 
1.01* 
1.9th 
1.8/4 
I  •  ••• 
1.114 
1.018 
l.®|4 
M» 
1.811 
1.110 
1.9*9 
I. If* 
1.844 
1.1*4 
t.®44 
1*841 
1.144 
1.844 
1.  •/* 
1.044 
1.944 
1.84F 
1.94/ 
l.  •*• 
».•*/ 


1.114 

1.9/4 

1.91* 

l.llt 

.44/ 

.441 

.444 

.444 


149.® 

141.1 


*/•! 

89/8 

.999 

.991 

-.94/ 

-.949 

-.»*• 

-.•** 

-.0*9 

-.844 

-.94/ 

-.Cf* 

-.944 

-.114 

-.Hi 

-.til 

-.19* 

-.iff 

-.1/1 

-.14* 

-.Iff 

-.19/ 

-.14* 

-.1*9 

-.IF® 

-.l*f 

-.It* 

-.199 

-.94/ 

-.911 

.901 

.01/ 

.841 

.9*4 

.11* 

.144 

.1** 

.IF* 


•  111 
.1/4 
.1/4 
.1*1 
.1** 
.11/ 

•  ®4F 

•  8  Fl 
.OFF 
.9/4 
.04/ 
.8*/ 
.944 
.941 
.91* 
.919 
.999 
.091 


-.114 

-.11* 

-.111 


.1/4 

.1/4 

.114 


'  •  9/4 
.04* 
.91* 
.•If 
.91/ 
.044 
.9*4 
.111 
.119 
.144 
.1*4 
.144 
.144 


.9/4 

.••• 

.9/4 

.e** 


.114 

.11* 

.11/ 


•4011ft  ■  .441 

OMtLt  8*/8  8T/8 

9.®  .444  .994 

1.®  ,444  .9*9 

1.1  ,4*4  .814 

1.4  .418  .f/f 

9.4  ,41/  .81* 

F.9  .4/4  .9®/ 

11.4  ,4/1  -.914 

II.*  ,494  -.9/* 

11.4  .414  -,|Sf 

14.9  ,494  -.944 

1Z.«  .41*  -.9*4 

ft  >9  .41/  -.(•* 

M.*  .444  -.94* 


11.9 

11.9 

94.9 
1/.4 

14.9 

41.9 


119.9 

141.9 

1*1.9 
1M.4 
1/9.4 
148.* 
149.4 
•99.9 
/19.9 
ttl. 4 
fll.l 

119.9 
•49./ 
f*9.9 
f®8./ 

t/8.4 

f*8.4 


199.4 
If/.  9 
ft*. 4 
ft*. 9 


in. 9 

iff.i 
114.9 
«»/.  1 


1*1.1 

1*4. t 


.*/* 

.*•1 

.•F4 


l.ltf 

1.91* 

l.ltf 

1.994 

l.lff 

1.9/4 

1.9/1 

1.919 

1.914 

1.11* 

l.|4f 

1.819 

1.941 

1.914 

1.911 

t.ll* 

1.94* 
1.941 
1.94/ 
1.914 
1.914 
1.94/ 
1.93* 
1.9 14 
1.91* 
1.949 
1.941 
1.914 
1.941 
1.941 
1.11/ 
1.91/ 
1.9/8 
1.91* 
1.981 
1.8** 
1.81* 
,441 
.499 
.419 
.494 
1.914 

1.914 

1,9*1 

1.914 

1.918 

1.9/1 

1.999 


-.844 
-.1/1 
-.1*9 
—  Iff 
-.19* 
-.191 
-.194 
-,194 
-.lit 
-.114 
-.141 
sIM 
-.199 
-.!•/ 
-.141 
-.14/ 
..Iff 
-.149 
-.114 
-.11* 
-.•41 
-.•*f 
-.91/ 
-.999 
.9// 
.944 
.948 
.111 
.11* 
.198 
.1** 
.184 
.1/9 
.14/ 


.1«1 

.1/9 

.14* 

.11/ 

.1/9 

.191 

,lf« 

.Iff 

.1*9 

.11/ 

.194 

.941 

.941 

.9/4 

.944 

.941 

.94/ 

.9/1 

.•*« 

.94* 

,8M 


.199 
•  IJF 
.19* 


•  If  • 
.191 
.9/* 
.941 
.919 

•  914 

•  941 


.*// 

.9*1 

.9/4 

-.999 
-.9/9 
-.9*4 
-.841 
-.194 
-.194 
-.141 
*  19/ 
.Iff 
-.1*4 
-.144 
-.11* 
-.11* 
-.119 
-.1*4 
-.144 
-.194 
-.1/9 
-.1/9 
-.1/9 
-.1*/ 
-.1*1 
-.144 
-.11* 


TABLE  D-2  -  LISTING  OF  THE  MEAN  VELOCITY  COMPONENT  RATIOS,  THE  MEAN  ADVANCE  ANGLES  AND 

OTHER  DERIVED  QUANTITIES  AT  THE  EXPERIMENTAL  AND  INTERPOLATED  RADII 
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TABLE  D-3  -  HARMONIC  ANALYSES  OF  LONGITUDINAL  VELOCITY  COMPONENT  RATIOS  AT  THE  EXPERIMENTAL 
RADII  FOR  EXPERIMENT  5 
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TABLE  D-4  -  HARMONIC  ANALYSES  OF  LONGITUDINAL  VELOCITY  COMPONENT  RATIOS  AT  THE  INTERPOLATED 
RADII  FOR  EXPERIMENT  5 
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TABLE  D-4  (Continued) 


TABLE  D-5  -  HARMONIC  ANALYSES  OF  TANGENTIAL  VELOCITY  COMPONENT  RATIOS  AT  THE  EXPERIMENTAL 


RADIUS  =  .963 

AMPLITUDE  *  .0019  .0012  .0018  .‘.'019  .0017  .0013  .0011  .0007 

AHA.  5  E  ANGLE  =  101.  8  156.8  1-19.7  1-1.2  186.4  186.6  21.4. 6  294.3 


TABLE  D-6  -  HARMONIC  ANALYSES  OF  TANGENTIAL  VELOCITY  COMPONENT  RATIOS  AT  THE  INTERPOLATED 


RADIUS  =  1.000 

AMPLITUDE  =  .1877  . 0082  .0025  .(022  .00)7  .0036  002?  .0022 

PHASE  ANGLE  =  170.5  133  6  99.1  124.0  116.6  97.3  87 . 3  99.7 


TABLE  D-6  (Continued) 


APPENDIX  E 

VELOCITY  COMPONENT  RATIOS  AND  HARMONIC  ANALYSIS 
FOR  EXPERIMENT  6 
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Figure  E-l  -  Circumferential  Distribution  of  the  Longitudinal,  Tangential 
and  Radial  Velocity  Component  Ratios  -  Radius  Ratio  =  0.456 
for  Experiment  6 
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Figure  E-3  -  Circumferential  Distribution  of  the  Longitudinal,  Tangential 
and  Radial  Velocity  Component  Ratios  -  Radius  Ratio  =  0. 781 
for  Experiment  6 
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TABLE  E-l 


INPUT  DATA  FOR  HARMONIC  ANALYSIS  FOR 
MODEL  5365,  EXPERIMENT  6 


R/V  ATHENA, 


*10(11^  •  .456 


*66tE  ««/«  Vf/« 

-t.O  .996  -.011 

a. i  .9*1  ~.oi* 

*.e  .9*1  -.cos 

*.fl  .  q  r  »  -.oo? 

*.o  .9?i  -.oc? 

it. a  .qri  -..eat 

IB. 9  .9*1  -.CO* 

tfc.fl  *.oi  i 

i*.q  .qte  -.cKo 

»*.q  .907  -.o*t 

it. a  .tit  -.i06 

M.t  ,4tt 

r*.<*  i.oc?  -.t?i 

74.8  t.gtt  >,tM 

?f*.q  t.o*?  .  ,i«.s 

?*.o  t.ico  -,i«o 

?*.9  i.iot  *.i»« 

2*.*  1.10*  -.161 

to.q  i.no  '.!«• 

1*.8  1.111  -.16? 

9". 9  1.110  -.1*9 

47.9  1.0*7  -,t«* 

**.o  l.io*  -.»rq 

*".o  l.o«i  -.ito 

*9.0  1.101  -.1*? 

56,0  1.096  -.715 

'*.9  1.11*  -.717 

M..0  1.099  -.7*6 

%q.*  l.o**  -.2*9 

?*>.»  l.ijq*.  -,?m 

»*.*  i.io?  *,;« 

?9.o  t.«9?  -.?*» 

*9.0  t. 112  -.??? 

tq.q  l.ut  -.??* 

ict.i  t.iot  -.?*•» 

109.1  1.109  -.??? 

11". •  1.199  -.?*? 

1».?  1.119  *.?1* 

119.?  1.1Q9  -.?0> 

199.?  1. 101  -.1*9 

199.?  t.lt?  -.1*9 

199.1  t.lt?  - . 1 ? 1 

199.0  1.119  -.C7? 

199.1  1 . 1 ? 1  - . 0  ?9 

1?9.1  1.1*0  -.011 

199.1  1,101  .009 

199.8  1.80?  .09? 

no.q  1.101  .COO 

?19.8  1.119  . 1 ?9 

779.*  1.119  .19* 

?J9. «  1.119  .199 

?*9 . 9  1.1??  • ?09 

?99.0  1.119  .?»! 

?99.0  1.190  .?10 

??9.1  1.110  . ??9 

?*  9. ?  1.1*9  . ?  1 9 

79*. 0  1,11?  . ?  C  9 

109.?  1.099  .  199 

119.1  1.099  .199 

378.0  1.109  .199 

9  ?9 . 0  1.111  .191 

*?9.0  1.09?  .  I  1* 

9?9.1  1.109  .11? 

111.1  1.109  .  1  ?9 

1U.1  1.109  . 1  ?9 

191.0  1.099  .199 

999,0  l.C*9  .199 

999.0  1,19*  .1*0 

999.0  .9*9  .1*1 

9  99.0  .9*  1  .  1*9 

9  99.0  .9*7  ,  1 99 

119.0  ,999  .1*9 

191.0  ,9M  .101 

191.0  . 9? I  .09? 

19*. 0  .99?  .0*9 

1*9.8  , *90  .8 11 

999.8  .99?  . B?9 

1*9,0  .99?  .C?t 

199.1  . 9? 9  .  0  ?S 

190.?  1.009  .009 

19? . 8  .999  ,ca? 

199.0  .991  -.009 

999.0  .991  -.009 

999.#  .999  -.801 

199.8  .99*  -.Oil 

190.0  .  99  1  -.e  09 


M.9 

71.9 
<5.8 
77.  9 
?9.* 

79.9 

51.9 

19.9 

19.9 
9?. 9 
99.* 

99.9 
*9.9 
*9.0 
99.9 
99.  * 
?  9  •  0 
99.9 
*9.  t 

IC9.? 

119.7 
17".* 
119.1 
1*9.0 
199.0 
189.0 
1  ?"  •  9 
199.0 
19*. 0 

?e*.« 

71".? 

??*.* 

799.7 
?*9 . 0 
79  9.8 
788.0 
??«.8 
?8".9 
?9  *  .  ? 
919.0 
9  18.9 
919.? 
3  71.0 

971.7 
179.? 
i??.e 
17?.  9 


•  «?»T'i* 
V»/w 
.9*1 
•  9?  1 
.98* 
.980 
.9*8 
.  9?  8 
.  9?* 
.978 
t.  0*0 
1.01" 

1 .0*9 
1.0*8 
1.08  1 
1.01* 
l.0?8 
1.0*8 
1-09? 
1.0*0 
1.0*1 
1.088 
1.0?1 
1.088 
1.0?" 
1.0?8 
1.0*9 
1.081 
1.0  1? 
1.0*" 
1.0?? 
I.0?9 
1.079 
1.079 
1.0?? 
l.Olt 
1.070 
1.0  9* 
1.011 
1.0*1 
1.09? 
1.0*9 
1.0?9 
1.0*2 
1.0*8 
1.0.99 
1.071 
1.090 
1.01* 
t.l?9 
1.09J 
1.07? 
1.0*1 
1.01? 


t  .  0  8  1 
1.081 
1.010 
.98? 
.98* 
.9*0 
1.00  1 
1.010 
.  99* 
.99* 
.99? 
.  9?  1 
.9** 


.*39 
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TABLE  E-2  -  LISTING  OF  THE  MEAN  VELOCITY  COMPONENT  RATIOS,  THE  MEAN  ADVANCE  ANGLES  A. ID 
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TABLE  E-3  -  HARMONIC  ANALYSES  OF  LONGITUDINAL  VELOCITY  COMPONENT  RATIOS  AT  THE  EXPERIMENTAL 

RADII  FOR  EXPERIMENT  6 
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APPENDIX  F 

VELOCITY  COMPONENT  RATIOS  AND  HARMONIC  ANALYSIS 
FOR  EXPERIMENT  8 


VR/V  V  7  /  V  VX/ 


-20  0  20  10  50  50  ICO  120  HO  160  150  200  220  240  250  230  300  320  340  360  330 

ANGLE  IN  DEGREES 

VELOCITY  COMPONENT  RATIOS  FOR  MODEL  5355  CORRELATION  WITH  R XV  ATHENA  3 

0.456  RAD • 

Figure  F-l  -  Circumferential  Distribution  of  the  Longitudinal,  Tangential, 
and  Radial  Velocity  Component  Ratios  -  Radius  Ratio  =  0.456 
for  Experiment  8 
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VR'V  VT/V  VX/ 
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ANGLE  IN  DEGREES 

VELOCITY  COMPONENT  RATIOS  FOR  MODEL  5365  CORRELATION  WITH  R/V  ATHENA  8 

G .633  RAD . 

Figure  F-2  -  Circumferential  Distribution  of  the  Longitudinal,  Tangential, 
and  Radial  Velocity  Component  Ratios  -  Radius  Ratio  =  0.633 
for  Experiment  8 
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-20  0 


20  40  60  30  100  120  140  150  130  200  220  240  260  230  300  320  340  350  330 

ANGLE  IN  DEGREES 

VELOCITY  COMPONENT  RATIOS  FOR  MODEL  5365  CORRELATION  WITH  R/V  ATHENA  8 

0.781  RAD. 

Figure  F-3  -  Circumferential  Distribution  of  the  Longitudinal,  Tangential, 
and  Radial  Velocity  Component  Ratios  -  Radius  Ratio  *  0.781 
for  Experiment  8 


-20  0  20  40  60  80  100  120  140  150  130  200  220  240  260  230  300  320  3*0  350  330 

ANGLE  IN  DEGREES 

VELOCITY  COMPONENT  RATIOS  FOR  MODEL  5365  CORRELATION  WITH  R/V  ATHENA  8 

0.963  RAD. 

Figure  F-4  -  Circumferential  Distribution  of  the  Longitudinal,  Tangential, 
and  Radial  Velocity  Component  Ratios  -  Radius  Ratio  **  0.963 
for  Experiment  8 
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Figure  F-6  -  Radial  Distribution  of  the  Mean  Advance  Angle  and  Advance 
Angle  Variations  for  Experiment  8 
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TABLE  F-3  -  HARMONIC  ANALYSES  OF  LONGITUDINAL  VELOCITY  COMPONENT  RATIOS  AT  THE  EXPERIMENTAL 
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APPENDIX  G 

VELOCITY  COMPONENT  RATIOS  AND  HARMONIC  ANALYSIS 


FOR  EXPERIMENT  19 


-20  0  20  40  60  30  100  120  1*0  160  130  200  220  2*0  250  230  300  320  3*0  350  330 

ANGLE  IN  DEGREES 

SHALLOW  WATER  WAKE  SURVEY  MOOEL  5365  POST  CAL  NOV  78  EXP  19 

0-456  RAD. 


Figure  G-l  -  Circumferential  Distribution  of  the  Longitudinal,  Tangential, 
and  Radial  Velocity  Component  Ratios  -  Radius  Ratio  ■  0.456 
for  Experiment  19 
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Figure  G-2  -  Circumferential  Distribution  of  the  Longitudinal,  Tangential, 
and  Radial  Velocity  Component  Ratios  -  Radius  Ratio  -  0.633 
for  Experiment  19 
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Figure  G-3  -  Circumferential  Distribution  of  the  Longitudinal,  Tangential, 
and  Radial  Velocity  Component  Ratios  -  Radius  Ratio  -  0.781 
for  Experiment  19 
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Figure  G-4  -  Circumferential  Distribution  of  the  Longitudinal,  Tangential, 
and  Radial  Velocity  Component  Ratios  -  Radius  Ratio  -  0.963 
for  Experiment  19 
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Figure  H- 
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-  Circumferential  Distribution  of  the  Longitudinal,  Tangential, 
and  Radial  Velocity  Component  Ratios  -  Radius  Ratio  ■  0.456 
for  Experiment  21 
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Figure  H-2  -  Circumferential  Distribution  of  the  Longitudinal,  Tangential, 
and  Radial  Velocity  Component  Ratios  -  Radius  Ratio  ■  0.633 
for  Experiment  21 
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Figure  H-4  -  Circumferential  Distribution  of  the  Longitudinal,  Tangential, 
and  Radial  Velocity  Component  Ratios  -  Radius  Ratio  •  0.963 
for  Experiment  21 
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HASE  ANGLE  •  119.4  142.9  293.4  281.0  270.9  261.4  256.3 
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Figure  1-1  -  Composite  Plot  of  Velocity  Component  Ratios  for  R/V  ATOKA 
and  Model  bperinenta  8  and  21  for  the  0.456  Radius 
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Figure  1-2  -  Composite  Plot  of  Velocity  Component  Ratios  for  R/V  ATHENA 
and  Model  Experiments  8  and  21  for  the  0.633  Radius 
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Figure  1-3  -  Composite  Plot  of  Velocity  Component  Ratios  for  R/V  ATHENA 
and  Model  Experiments  8  and  21  for  the  0.781  Radius 
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Figure  1-4  -  Composite  Plot  of  Velocity  Component  Ratios  for  R/V  ATHENA 
and  Model  Experiments  8  and  21  for  the  0.963  Radius 
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DTNSRDC  ISSUES  THREE  TYPES  OF  REPORTS 

1.  DTNSRDC  REPORTS,  A  FORMAL  SERIES,  CONTAIN  INFORMATION  OF  PERMANENT  TECH¬ 
NICAL  VALUE.  THEY  CARRY  A  CONSECUTIVE  NUMERICAL  IDENTIFICATION  REGARDLESS  OF 
THEIR  CLASSIFICATION  OR  THE  ORIGINATING  DEPARTMENT. 

2.  DEPARTMENTAL  REPORTS,  A  SEMIFORMAL  SERIES,  CONTAIN  INFORMATION  OF  A  PRELIM¬ 
INARY,  TEMPORARY,  OR  PROPRIETARY  NATURE  OR  OF  LIMITED  INTEREST  OR  SIGNIFICANCE. 
THEY  CARRY  A  DEPARTMENTAL  ALPHANUMERICAL  IDENTIFICATION. 

3.  TECHNICAL  MEMORANDA,  AN  INFORMAL  SERIES,  CONTAIN  TECHNICAL  DOCUMENTATION 
OF  LIMITED  USE  AND  INTEREST.  THEY  ARE  PRIMARILY  WORKING  PAPERS  INTENDED  FOR  IN¬ 
TERNAL  USE.  THEY  CARRY  AN  IDENTIFYING  NUMBER  WHICH  INDICATES  THEIR  TYPE  AND  THE 
NUMERICAL  CODE  OF  THE  ORIGINATING  DEPARTMENT.  ANY  DISTRIBUTION  OUTSIDE  DTNSRDC 
MUST  BE  APPROVED  BY  THE  HEAD  OF  THE  ORIGINATING  DEPARTMENT  ON  A  CASE-BY-CASE 
BASIS. 


